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James R. Bachman, class of ‘51, 


speaks from experience when he says... 


“T find the Applied Research Laboratory 
of U.S. Steel an interesting and 
rewarding place in which to work.” 


The rapid rise of Mr. Bachman at 
United States Steel’s Applied Re- 
search Laboratory in Monroeville, 
Pa., is typical of that of many scien- 
tists and engineers who have come to 
U. S. Steel from college and who 
have staked their future with this 
organization. 

Mr. Bachman received his B.S. 
Degree in 1951 and his M.S. Degree 
in 1952. Both of these degrees were 
in Ceramic Engineering. While at 
college, he served as a Research As- 
sistant on a commercial research 
refractories problem. 

In June, 1952, Mr. Bachman was 
employed in the Refractories Divi- 
sion of the Applied Research Labora- 
tory as Assistant Technologist. Dur- 
ing his four years of employment, he 
has received two promotions. Today, 
he is the Supervising Technologist, 


Refractories Division, at this labora- 
tory. 

Mr. Bachman has said: “At U. S. 
Steel’s Applied Research Labora- 
tory, we are actively solving prob- 
lems that are of vital importance to 
the steel industry. These problems 
are many and varied, including as 
they do activities in the fields of 
physics, chemistry, mathematics, 
and electrical, mechanical and met- 
allurgical engineering.” 

Today, more than ever before, the 
young man graduating from college 
will find every opportunity for rapid 
growth opened to him at U. S. Steel 
—whether in research or in hundreds 


of other engrossing operations which 
make up the daily work of this con- 
stantly expanding industry. If you 
are interested in a challenging and 
rewarding career with United States 
Steel and feel that you can qualify, 
why not get in touch with your col- 
lege placement director for further 
information? Moreover, we shall be 
pleased to send you a copy of our 
informative booklet, Paths of Op- 
portunity, upon request. Simply 
write to United States 
Steel Corporation, Per- 
sonnel Division, Room 
1662, 525 William Penn 
Place, Pittsburgh 30, Pa. 


UNITED STATES STEEL 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TV program presented every 
other week by United States Steel. Consult your local newspaper for time and station. 
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Our cover 


High voltage cermatic insulators capable of holding vast 
quanities of electric power under control, the familiar transit 


and leveling rod with target, the slender but powerful lines of 
a swinging boom are devices used by Stanley Meltzoff to tell 
the story of the growth and expansion so typical of America’s 
responsible and progressive electric power industry. (Cover 
courtesy of United Engineers and Constructors, Inc.) 


do technical men make good salesmen? 


Many of the world’s most successful 
salesmen are men who have had edu- 
cation, training, or experience in tech- 
nical fields. 

Obviously, it does not follow that 
every technical man could be a success- 
ful salesman any more than every grad- 
uate of business administration makes 
a good businessman. But here at Col- 
umbia-Southern, most of our salesmen 
have been technically trained. Although 
they may have planned careers in re- 
search or design, or in construction or 
some other technical field, selling has 
given them greater opportunities to 
exercise their best talents, and, conse- 
quently, to enjoy the rewards of greater 
satisfaction and happiness, 


Selling chemicals, of course, is not 
like selling house-to-house, or to the 
general public. As a Columbia-Southern 
salesman, you’re dealing with people 
who, for the most part, are technically 
trained themselves. Your firm is well 
known as one of the largest in its 
industry. 

Columbia-Southern has been expand- 
ing continually. Our sales staff is grow- 
ing, which means opportunities for 
good technical men, preferably with 
sales experience. 

Perhaps this is the opportunity for 
you. If you feel you have an aptitude 
for sales, write giving details of your 
education and background. Your cor- 
respondence will be held in strict confi- 


dence. Address your letters to the per- 
sonal attention of Mr. Chris E Bingham, 
Vice President—Sales, Columbia-South- 
ern Chemical Corporation, One Gate- 
way Center, Pittsburgh 22, Pa. 


COLUMBIA-SOUTHERN 
CHEMICAL CORPORATION 


SUBSIDIARY OF PITTSBURGH PLATE GLASS COMPANY 
ONE GATEWAY CENTER: PITTSBURGH 22 - PENNSYLVANIA 


DISTRICT OFFICES: Cincinnati 
Charlotte * Chicago * Cleveland 
Boston *® New York ® St. Louis 
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Houston ¢ Pittsburgh ¢ Philadelphia 
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IN CANADA: Standard Chemical Limited 
and its Commercial Chemicals Division 
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EDITORIAL 


No Cords, Please... 


An interesting suggestion has been made by members of Pi Tau Sigma, mechanical 
engineering honorary society. They propose that members of the senior class of the College 
of Engineering have some sort of means of readily indentifying themselves to other seniors 
and students. This suggestion comes from what Pi Tau calls a “lack of spirit” among engineers 


and seniors in particular. 


This “lack of spirit’ or tradition is more or less true. Engineers, while being a clannish 
lot, don’t exactly have any hallowed traditions to rally around. About all the fellows seem 
to be proud of is the fact that they have lasted a full four years in the college. A means of 
readily identifying seniors would serve as a rallying point for some spirit and a way for 
underclassmen to make easier contact with their older, more seasoned and more hardened 


brethern. 


What we disagree with is the method Pi Tau Sigma would use to implement this new 
tradition. They propose all seniors to wear light-colored corduroy pants all their senior year. 
These pants would have society and fraternity insignias, girl friends names and what-have- 


you painted on them. 


However, it seems to us that in a sense this display of spirit would somewhat counteract 
its purpose. A senior supposedly has some dignity about him, being the end product of the 
College of Engineering and a man ready to make his mark on the world. Are garishly painted 


corduroy pants the means of showing this? Wedon’t think so. 


Perhaps a type to senior ribbon or a colored band around one’s slide rule case (which 
all seniors constantly carry) would serve as a better means of indification without loss of 


so-called dignity. 


We like the idea behind the move, but boys, lets not wear cords. 
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At the Belleville, N. J., plant of 
Walter Kidde & Company, Inc., 
Walt Wagner (left) gets Vice Pres- 
ident Paul W. Eberhardt’s views. 


JANUARY, 


WANTED: YOUNG ENGINEERS 
TO DO CHALLENGING CREATIVE WORK! 


Top Recognition 
for Accomplishment 
at BENDIX 


There’s plenty of room for a young 
engineer to grow at Bendix Aviation 
Corporation—and for a good reason! 
Bendix itself grew (and continues to 
grow) on a solid foundation of engineer- 
ing skill. Engineers are key men at 
Bendix. They work hard to meet the 
challenge of designing and _ perfecting 
products for virtually every phase of 
American industry. And, because en- 


A thousand products 


YSZ 


gineers are key men, their work and 
accomplishments are readily recognized 
and rewarded. 

If you are an engineer, physicist or 
mathematician with ability and _ the 
desire to meet and conquer challenging 
assignments in America’s most diver- 
sified engineering firm, Bendix wants 
you—and you want Bendix! You'll 
enjoy the advantages of working for a 
big, important company, but you'll 
be working in a smaller, individual 
division where your achievements will 
not be overlooked. Remember, engineers 
get top billing at Bendix. 

Here are a few of the fields in which 
Bendix is seeking young, ambitious 
engineers to help keep the company in 
the forefront of American manufactur- 
ing: electronics, electromechanics, ultra- 


by 


AVIATION CORPORATION - 
Fisher Bldg., Detroit 2, Mich. 


sonics, systems analysis, computers, auto- 
mation and controls, nucleonics, hy- 
draulics, aerophysics, instrumentation, 
solid state physics, combustion, heat 
transfer, propulsion, metallurgy, com- 
munications, carburetion, radar, sonar, 
structures. If you are qualified in any of 
these or related fields, there could be a job 
for you at Bendix—where engineers grow! 

Bendix divisions are located all across 
the United States. One of them is likely 
to be in your favorite section of the 
country. Meet the Bendix representatives 
when they visit your campus. See your 
placement director for further informa- 
tion and exact dates, or write to the 
Director of University and Scientific 
Relations at the Bendix executive offices 
at the address below for a copy of the 
brochure “Bendix and Your Future”, 
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Dresden Power Station 


Chicago is well on its way towards building a nuclear 


reactor to supply metropolitan power needs 


Grundy County, Illinois, will be the 
site of the largest all-nuclear power 
plant yet scheduled, a 180,000 KW 
power station. It will be completed be- 
fore 1960. This plant, to be known as 
the Dresden Nuclear Power Station, 
will be entirely financed by private 
funds. Commonwealth Edison Co., will 
pay for and capitalize $30,000,000 of 
the $45,000,000 contract price. The re- 
maining $15,000,000 is to be paid joint- 
ly by a group of public utility and in- 
dustrial organizations of which Com- 
monwealth Edison is a member, as a 
research and development expense. In 
return for this expense, the group, 
known as the Nuclear Power Group, 
receives no property rights but does re- 
ceive the know-how to design and oper- 
ate a plant of similar nature. 

The plant will be located 50 miles 
southwest of Chicago on a 950 acre site 
just west of the confluence of the Kan- 
kakee and DesPlaines Rivers. Careful 
investigation of the climatology was 
made to determine wind direction, 
rainfall, inversion, fogs, and _ storms. 
Water table, drainage conditions, and 
downstream usage of water were also 
examined and found relevant to safety 
aspects of a nuclear plant. 

The reactor and its associated equip- 
ment are to be installed in a pressure- 
tight enclosure to assure safety to the 
surrounding area in the event of a 
major reactor incident. This enclosure 
will be a steel sphere 190 feet in di- 
ameter and also all above the grade 
level. Ventilation from this air-tight 
enclosure is discharged into a stack with 
provisions made to close the ventilation 
outlets in the event of possible con- 
tamination. The reactor and its primary 
components, the steam generator, steam 
drum, and recirculating pumps, will be 
contained within a thick, dense con- 


<< 

Artist's concept of Dresden Nuclear 
Power Station to be erected 50 miles 
southwest of Chicago. The nuclear 
reactor will be housed in a steel 
sphere 190 feet in diameter. 
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by Frank Hunyady, M.E. ‘59 


crete shield to form what is called the 
reactor package. Size of the package 
will be approximately 86 feet wide, 72 
feet deep, and 95 feet high. 

The turbine generator and its as- 
sociated equipment, such as condenser 
pumps, heaters, condensate demineral- 
izers, and reactor feed pumps will be 
located in a separate building. Also in 
this building will be the control room. 

Within the control room will be lo- 
cated the entire instrumentation of the 
unit. With this centralization of con- 
trols, the need for persons to enter areas 
which may be radioactive during oper- 
ation is cut to a minimum. 

The reactor will be shut down auto- 
matically and at once if a malfunction 
occurs for any one of the following 
reasons: 

(1) Power level beyond a specified 
excess of normal full power level. 

(2) Failure of any part of the con- 
trol system which would place the re- 
actor in an unsafe condition. 


(3) Excessive rate of 


power level. 


change of 


(4) Failure of recirculating pumps 
resulting in a loss of coolant to the re- 
actor. 

(5) Excessive reactor pressure. 

(6) Loss cf feed water pumps. 

(7) Loss of circulating water to the 
condenser. 

(8) Low vacuum on the condenser. 

Of the many types of reactors which 
may be used for electrical power pro- 
duction, the boiling water type was se- 
lected. Several reasons why this type 
reactor was chosen are as follows: (1) 
since the steam is generated directly in 
the reactor, no external heat exchange is 
required (the steam goes directly to the 
turbine), (2) higher steam  tempera- 
tures may be obtained for a given fuel 
element temperature, (3) since pres- 
surization to prevent boiling is not re- 
quired, as it is in a pressurized water 
reactor, the reactor vessel can be man- 
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GENERAL LAYOUT OF DRESDEN Nuclear Power Station with provisions for future expansion 


ufactured with less weight, and (4) an 
inherent safety feature of this type re- 
actor is that its reactivity decreases with 
increase in the amount of steam being 
formed. 

The reactor core in which steam is 
generated is supported centrally in a 
container. The annuls between the core 
and container serve as reflectors for the 
core. 

Heat is taken from the reactor in 
the form of steam and water to the 
steam drum where the steam is separ- 
ated from the water and sent on to the 
turbine. The water is pumped through 
a secondary steam generator to pro- 
duce steam at a_ lower pressure, 
which will enter the turbine at a lower 
stage. The purpose of the second or 
water cycle is to provide a source of 
relatively cool return water to the re- 
actor, as well as additional heat energy. 

The effect of sub-cooling at the re- 
actor inlet is to delay the point of initia- 
tion of boiling in the reactor cooling 
channels. At full load, with  ap- 
proximately equal steam flows pro- 
duced within the reactor and from the 
recirculating water outside, boiling in- 
side the reactor starts at about the mid- 
point of the cooling channel. In the 


20 


lower portion of the reactor the sub- 
cooled water is being heated to the boil- 
ing point. Boiling in the upper portion is 
allowed to the maximum extent permit- 
ted by nuclear reactivity. With this 
technique, additional heat is removed 
from the reactor by water cooling. 

The subcooling also provides  self- 
regulation of the reactor with respect 
to the load. With the reactor pressure 
held constant the reactor will react 
stably containing a certain volume of 
steam, or percentage of void, in the 
moderator. The precentage of voids is 
maintained constant by varying the de- 
gree of subcooling with changes in the 
load. At low load the amount of ex- 
ternal steam generated is small, which 
results in a small degree of subcooling. 
Boiling begins on the lower part of the 
core and continues to a law steam qual- 
ity, or low volume percentage, of steam 
at the core outlet. At high load the 
amount of external steam generation is 
large, resulting in a high degree of sub- 
cooling at the core inlet. Boiling now 
occurs only in the upper half of the 
reactor, but continues to a greater qual- 
ity of steam at the core outlet. In both 
cases the integrated volume of bubbles 
in the core is the same. An increase in 


reactor output is initiated by increasing 
the sub-cooling, which results in a 
transient increase of reactivity which, in 
turn, causes the increase in power. In- 
creased power produces increased bub- 
bles until equilibrium reactivity is re- 
stored. 

The reactor pressure vessel, which is 
about 12 feet inside diameter and 42.5 
feet high, will be lined inside with ap- 
proximately 14 inch of stainless steel. 
A removable top closure is provided 
which will be used for providing access 
to the core for fuel loading and unload- 
ing. 

The core of the reactor will be about 
9 feet in diameter and 9 feet long. The 
individual fuel element will be uranium 
dioxide, 14 inch in diameter, clad with 
zirconium to prevent corrision and ero- 
sion due to the flow of the heat transfer 
agent. The elements will be arranged 
in bundles and separated on rectangular 
flow channeis. The maximum heat flux 
in the reactor core will be 300,000 
Btu/hr/ft?. 

The present concept of the turbine 
generator set consists of a high pressure 
section with the flow away from the 
generator, through a crossunder to an 
intermediate pressure section, 
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flowing | 


towards the generator, then through a 
crossover connection to a double-flow, 
low-pressure section exhausting into a 
common exhaust opening. The turbine 
will be provided with moisture-separat- 
ing devices at each extraction point and 
at the crossover. The unit will have a 
load control governor on the secondary 
admission and an initial pressure with 
by-pass valves for by-passing the flow 
around the turbine to the condenser. 
The turbine will be provided with seals 
for sealing the shaft when on the turn- 
ing gear so that the turbine may be 
filled with water and decontaminating 
fluids prior to maintenance operations. 
In designing the turbine, particular at- 
tention will be given to the elimination 
of pockets or crevices in which radio- 
active material may lodge. The turbine 
is also being designed for minimum air 
leakage. The three turbine sections will 
be on one shaft and connected to one 
a having a capacity of 250,000 
va. 


The foregoing description covers the 
original design concept. A number of 
the features may be changed when the 
design is finalized to take advantage of 
improvements made during the five year 
total construction period. 


The total cost of electric power at 
the power plant is usually broken in 
three parts. These are fixed charges, 
fuel and operating and maintenance. 


Fixed charges include interest on bor- 
rowed money, real estate taxes, insur- 
ance, depreciation, Federal income tax 
and a return on equity capital. 


Because of the legal restrictions on 
ownership of fissionable material fuel 
costs for a nuclear power plant in the 
United States include rental on the 
nuclear material while in the possession 
of the operator, depletion charge on this 
nuclear material used, and the cost of 
fabrication and fabrication materials to 
make the fuel elements. 


Operating labor and maintenance ex- 
pense per kilowat-hour is materially af- 
fected by the load factor or capacity 
factor on the station because a given 
total amount of labor is necessary re- 
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GRAPH SHOWING RELATION between power costs from boiling reactors 
and conventional plants with nuclear plant output. 


gardless of the output for the year. The 
following table shows the estimated cost 
of power at this plant with an annual 
capacity factor (ratio of actual kilo- 
watthour output to kilowatt hour out- 
put at continuous full load) of 60% 
and with the total investment capital- 
ized (including land and overhead ). 


Mile per KIVA 


Item 

Fixed charges 7.0 

Fuel 2.0 

Operation and 
maintenance 1.0 


OAL, 10.0 mills/ KWH 


Subtracting the _ research expense 


($15,000,000) to be paid by Nuclear 


NUCURAR PLANT 


COST ESTIMATES 


180 Megawatt Output—1952-55 


Capital Costs 
Site 
Area Sq. Miles 
Total Cost $ 
Unit Cost $/kw 


Structures and Improvements 
Unit Cost $/kw 
Total Plant Cost $/kw 


Operation and Maintenance 
Employees per Megawatt 
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Nuclear Conventional 
1952 1955 1955 
220 5 (0), 
7,000,000 500,000 50,000 
40) 3 0.3 
30 50 25 
300-800 250 165 
3 0.8 0.4-0.25 


Power Group, Inc., from the costs to 
be capitalized by Commonwealth Edi- 
son results in an estimated decrease of 
2.5 mills/ KWH. from the fixed charges, 
thereby reducing the total cost per 
KWH to 7.5 mills. This figure is the 
same as the one for a modern conven- 
tional-type power plant. 


Thus while the actual cost per KWH 
is higher than the present costs of power 
from coal-fired plants, it is apparent that 
a new design and a first full-sized power 
plant will incur research and develop- 
ment costs greater than will be incurred 
in a future plant. How much these 
initial costs might be reduced by further 
improvements, such as the reduction in 
capital cost, reductions in the cost of 
fuel (either for the lower first cost or 
for longer burnup), or by sale of by- 
products, is not known. Nevertheless, 
the present figure is so close to the eco- 
nomic cost that it was decided that 
future industry progress could be ad- 
vanced most rapidly by proceeding with 
the construction at this time. 

The companies have engaged in the 
venture on the expectation that the 
plant, when completed, will be a regu- 
lar producing generating station on the 
system of the Commonwealth Edison 
Co. In a broader sense, however, the 
plant will serve as a springboard for 
future nuclear power developments, 
which will undoubtedly be better and 
more efhcient. 
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55 YEARS AGO — 


this early portable compressor made air power history 


Gans gasoline- powered portable air compressor, in- 
troduced by Ingersoll-Rand in 1902, may look crude 
and cumbersome by today’s standards. But at the 
time it was a real innovation — one of the first prac- 
tical compressors which could be easily moved about 
from job to job. 


DAY is ine GYRO-FLO 


... another basic advance in 
compressor design by Ingersoll-Rand 


Tue GYRO-FLO is a rotary 

sliding-vane portable compressor 
with oil injection cooling, first in- 
troduced by Ingersoll-Rand in 
1950. The success of this unit has 
been proven by the ever-growing 
trend to this type of design, and 
the increasing demand for rotary 
air power. Ingersoll-Rand now 
manufactures the most complete 
line of rotary portable compressors 
available. 


If you’d rather help make in- 
dustrial history than read about it, 
why not investigate the fine job 
opportunities available with 
Ingersoll-Rand — recognized leader 
in the machinery field. For further 
information contact your Place- 
ment Office or write Ingersoll- 
Rand. 2-468 


COMPRESSORS » BLOWERS - GAS & DIESEL ENGINES - PUMPS - VACUUM EQUIPMENT - AIR & ELECTRIC TOOLS + MINING & CONSTRUCTION EQUIPMENT 


11 Broadway, New York 4, N. Y, 


Ing ersoll-Rand 


THE TECHNOGRAPH } 


Present Considerations in... 


NUCLEAR POWER 


With the ever increasing growth in 
population, power and fuel resources 
are being taxed to a greater degree each 
day. Although there is a sufficient sup- 
ply of power fuels in this country to 
last for several decades, the consump- 
tion rates are growing in such a way 
that economists are having to consider 
a new power source to minimize in- 
creased costs which would be created 
as the natural resources are depleted. In 


by George Drevik, M. E. ‘57 


many areas, power sources and domestic 
fuel supplies are already lacking, while 
other areas are beginning to suffer from 
dwindling resources. This is proof that 
some other power source must be in- 
vestigated to conserve existing fuels 
which will be necessary for mobile 
power units and lubrication. 
Fortunately, atomic energy has ap- 
peared on the scene as a new fuel with 
vast potentialities. This new fuel is 
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plentiful and possesses a high energy 
which will reduce the transportation 
costs. As an example of the potentiali- 
ties of nuclear fuels, “The complete fis- 
sion of the thorium and uranium in one 
pound of granite, would release 80 
times as much heat as the burning of 
one pound of coal.” 

The origin of the new power is the 
nuclear power reactor, the advancement 
of which has been tremendous since the 
first controlled chain reaction fourteen 
years ago by Enrico Fermi. 

The basic form of energy released 
from the nuclear reactor of today is 
the kinetic energy obtained through the 
collision of particles from fissionable 
materials. No process has yet been de- 
veloped in which the high energy levels 
attained may be utilized; therefore, the 
energy developed through the collision 
within the reactor core has been re- 
duced to ordinary heat energy. This 
makes the nuclear reactor analagous to 
the conventional boiler with the excep- 
tion that the temperatures obtained 
within the reactor core are considerably 
higher than those from chemical fuels. 
This would lead one to think of high 
thermodynamic effciencies, but due to 
material limitations in both the reactor 
and auxiliary equipment, the expected ef- 
ficiencies are not available. 


One of the major problems brought 
about by the new era of atomic energy 
is the effect of radiation upon the en- 
gineering materials. All metals suffer 
some degree of change in dimensions, 
thermal conductivity, strength and 
other properties when used in a _ re- 
actor. Fortunately, the problems of 
radiation may be attacked in the same 
manner as problems involving the physi- 
cal properties of metals. The primary 
problem is not the combination of prop- 
erties, but the limited choice of mate- 
rials with which these problems may be 
solved. 

There are five basic categories in 
which reactor metals can be classified: 
structural materials, moderator materi- 
als, control materials, fuel materials, 
and source materials. 

Based upon these categories, structur- 
al materials serve no nuclear function. 
However, for neutron economy, these 
structural materials should have a low 
neutron cross-section. This presents a 
problem since none of the common cor- 
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rosion resistant, high temperature alloys 
(iron, nickel, chromium, cobalt, tungs- 
ten, molybdenum, and titanium) have a 
thermal cross-section which is suitable; 
however, stainless steel has been used 
in some fast reactors. Of the low cross- 
section metals, only beryllium, zircon- 
ium, magnesium, and aluminum are po- 
tentially useful, but due to low melting 
temperatures and poor mechanical prop- 
erties at slightly elevated temperatures, 
magnesium and alumnium do not ap- 
pear too promising. It is for this reason 
that extensive research programs are 
being carried out on beryllium and zir- 
conium. 

Moderator materials serve the task of 
slowing down neutrons from their very 
high energy levels. Requirements for 
such moderators are metals which are 
low in atomic weight and possess a low 
neutron captive cross-section. The only 
metal which suitably satisfies these re- 
quirements is beryllium, which is there- 
fore doubly interesting. It may also be 
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Fig. 2. PRESSURE WATER REACTOR, which has four loops to conduct coolant 
from the core. One loop is to serve as a spare. The fuel elements of slightly 
enriched Uranium rods are coated with a corrosive-resistant metal. A large 
gas-tight pressurized shell surrounds the core assembly and the heat ex- 
change assemblies. The light water coolant is heated by Uranium fission 
and generates steam in the heat exchangers. 
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noted that such non-metals as hydro- 
gen, deuterium, and graphite are also 
often used as moderators. 

Control materials act in the nuclear 
capacity of absorbing neutrons in a con- 
trolled manner to attain adjustments in 
reactivity. [his is accomplished by the 
insertion or withdrawal from the core 
of such materials. In this way, the re- 
actor can be started, shut down, or 
have its power level changed. For con- 
trol purposes, materials should have a 
very high neutron absorption cross-sec- 
tion. Some metals which have been pro- 
posed for this capacity are cadmium, 
boron, certain rare earths, gold and haf- 
nium. Cadmium has a low melting tem- 
perature. Boron has a high melting tem- 
perature and good resistance to many 
corroding media, but is brittle. This 
would explain why these metals serve 
only as a minor alloying element in a 
base metal of more suitable properties. 
The rare earths are expensive and prob- 
ably have undesirable engineering char- 
acteristics; however, hafnium does have 
the best combination of high cross-sec- 
tion with good mechanical properties. 
It may be interesting to note that some 
materials will change composition when 
subjected to neutron bombardment, 
while others may change into an isotope. 

Fuel materials provide the necessary 
fissionable atoms. In atomic reactions, 
Uranium (U235) is the only fuel ma- 
terial found in nature which will emit 
enough enutrons to support a continu- 
ous chain-reaction. This presents a prob- 
lem since U235 constitutes only a small 
part of the natural uranium, the largest 
portion being U238, which is useless as 
a fuel in its natural state. Fortunately, 
during the fission process, U235 will 
emit more neutrons than are necessary 
to continue a chain-reaction. The re- 


THE TECHNOGRAPH 


TABLE 1 
Estimated Cost of Nuclear Power 


Company Location Reactor Type Capacity Cost per KW 
Westinghouse Shippingport Pressurized 100,000 Kw $ 370 
and Duquesne Pennsylvania Water (PWR) 
mioht Co. 
Yankee Atomic Western Pressurized 134,000 Kw $ 246 
Electric Co. Massachusetts Water 
Consolidated Indian Point Pressurized 250,000 Kw $ 230 
Edison Co. New York Water 
Commonwealth Near Chicago Boiling 180,000 Kw $ 250 
Edison and Water 
Others 
Consumers Nebraska Sodium- 75,000 Kw $ 320 
Public Power Graphite 
District (SRE) 
Power Reactor Detroit Edison Fast Breeder 100,000 Kw § 540 
Dev. Cl. Service Area (EBR) 
(Det. Ed. et al.) 
Westinghouse PP&L Service Homogenous 150,000 Kw bs 
and Penn. Area 
Power & Light 

** #e Large Steam <= $ 695 

Plants 
ets ig Small Steam st $1,183 
Plants 
Ss + Diesel Power et $1,708 


Plants 


mainder of the free neutrons can be 
used to bombard the U238, which will 
absorb these neutrons and later change 
to a new atom, plutonium, which is 
also useful as a nuclear fuel. This man- 
ufacture of plutonium is called breed- 
ing. If the reactor is properly designed, 
it is possible to make more fuel than 
is being consumed, which increases the 
amount of fuel available by a factor of 
100. This same procedure is now being 
used in experiments with thorium. The 
manufacture of reactor fuels from 
source materials can be more easily un- 
derstood if shown diagrammatically, 
figure 1. 

With the limitations on reactor ma- 
terials, one could be led to believe that 
the field of power reactors has already 
been established. This, of course, is not 
true. The problem which exists now is 
to find the right combination of ac- 
ceptable, known materials or to find new 
materials which are better. Even then, 
there can be as many different types of 
reactor designs as there are designers. 

Five basic reactor types are now 
under consideration, and are in opera- 
tion or will be shortly. These experi- 
mental reactors may be classified into 
two groups: those using water as a cool- 
ant, and those using liquid metals. 

In the reactors classified as water- 
cooled, is the Pressurized Water Re- 
actor (PWR), figure 2, which was de- 
signed by the Westinghouse Electric 
Corp., for the Duquesne Light and 


JANUARY, 1957 


Power Co,, ina Pittsburgh. his 1s, to 
be the first large scale reactor, and is 
basically the same as used by the navy 
in its atomic submarine, the Nautilus, 
with the exception that the fuel used 
is slightly enriched uranium instead of 
highly enriched U235. 

The core of this reactor will gener- 
ate approximately 300,000 KW of heat, 
which will be transferred to a heat ex- 
changer by circulating water at a pres- 
sure of 2,000 pounds per square inch 
and 525 degrees Fahrenheit. The heat 
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Reactor Core 
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exchanger will produce saturated steam 
at a pressure of 600 pounds per square 
inch, which is to drive a conventional 
turbine. 

Because of the expansion of water, 
neutrons are able to escape more easily, 
which makes the reactor self-stabilizing. 
This will mean that fewer control rods 
will be necessary. 

An obvious way to improve the effici- 
ency of the water-cooled reactor is to 
generate turbine steam right in the core. 
Experimentation is being carried out 
on such a Boiling Water type reactor 
(EBWR), figure 3, at the Argonne 
National Laboratory. The EBWR is 
powered by slightly enriched uranium, 
although there seems to be no reason 
why thorium could not be used more 
advantageously. This would tend to 
cause breeding, especially if a modera- 
tor coolant, such as heavy water for 
which this reactor was primarily de- 
signed and used. Ordinary water was 
chosen for this reactor because of the 
dificulty in making the turbine suffici- 
ently watertight to prevent leakage of 
the valuable heavy water. 

The big problem involved in this re- 
actor is the roughness of operation 
caused by the boiling water. This is be- 
lieved to cause fluctuation of the power 
level which will probably limit the 
EBWR to low power levels. Other con- 
siderations are being given to the pres- 
ence of radioactive steam in the turbine. 

A third reactor using water as a 
coolant is the Homogeneous Reactor, 
figure 4, in which the fuel (uranium 
or thorium) is dissolved in the coolant. 
This reactor tends to be self-regulating, 
which eliminates the need for control 
rods. However, control rods are used 
for safety purposes. Problems arise, 
though, in that the homogeneous re- 
actor handles highly radioactive and cor- 
rosive fluids at high pressures. 


The remaining two basic reactors 


Steam Drum 


Storage 


Fig. 4. HOMOGENOUS REACTOR IS fueled with Uranium dissolved in water, 
which undergoes fission and heats up. The heat given up in the heat ex- 
changer is used to generate steam for a turbine. 
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Fig. 5. SODIUM REACTOR WHICH CONSISTS of a core immersed in a cooling bath of liquid Sodium. Slightly en- 
riched Uranium rods run through channels in a graphite moderator. To avoid danger of placing highly radio- 
active Sodium near water, the coolant is made to give its heat to a second. Sodium loop in the primary heat 


exchangers. 
TABI 2 
Cost of Experimental Reactors 

Plant Developer Heat Kw Elecity Kw Cost Millions 
Pressurized Westinghouse 264,000 60,000 85 
Water Reactor 

EBWR Argonne 20,000 5,000 7 
HRE-II Oak Ridge 3,000 Not Spec’d. 47 
HRE-Thorium Oak Ridge 65,000 16,000 47 
SRE North American 20,000 None 10 
EBR-II Argonne 62,500 15,000 40 


under consideration employ liquid sodi- 
um as a coolant. In both reactors, heat 
is given up by the sodium to produce 
steam for the operation of turbogener- 
ators. In order to avoid contact between 
the sodium and the steam, it has been 
necessary to incorporate a secondary 
fluid to carry heat from the reactor 
sodium to the steam generator. 


One such system is the Sodium Re- 
actor (SRE), figure 5, which is under 
construction by North American Avia- 
tion, Inc. From a nuclear standpoint, 
the reactor is conservative, and there is 
no question of its functional success. 
The problem being investigated here is 
one of economic considerations. 

Another type of Sodium reactor is 
the Breeder Reactor (EBR), figure 6. 
The Breeder Reactor is to have a small 
core containing plutonium as a_ fuel 
blanketed by natural or depleted U238, 
with no moderating materials. This will 
mean that the EBR will be a fast neu- 
tron reactor, which will be extremely 
hard to cool and which will be highly 
susceptible to severe radiation damage. 
It is hoped that with the high breed- 
ing and thermal efficiencies due to high 
temperatures, this reactor will be an 
economic success. 

In addition to these five basic re- 
actor concepts, the Atomic Energy Com- 
mission, along with industry, is carry- 
ing on extensive research programs in- 
volving other types of reactors and new 
nuclear 


uses for power. Some other 
types of reactors under consideration 
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involve organic moderators and various 
liquid metals as coolants. 

Other nuclear power applications are 
also being investigated in fields of mili- 
tary ship and aircraft propulsion. Since 
nuclear reactors can produce heat power 
without the need for oxygen, they are 
believed to be the answer to long d’s- 
tance travel without refueling. This 
could also render itself a suitable an- 
swer for remote bases. 

Unfortunately, the peace-time use of 
atomic power is still in the experimen- 
tal stage. For this reason, no compari- 
son can yet be made between the cost 
of electric power produced in the con- 
ventional power plant and the electrical 
power obtained from atomic energy. 
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However, several estimates have been 
made by the industrial firms along with 
the Atomic Energy Commission whe 
are planning extensive research pro- 
grams. These are shown in tables 1 
and 2. It should be noted that these 
figures are only estimates and do not 
show a true economic picture of the 
ability of nuclear reactors as power 
sources. 

Just as in the automotive, steam tur- 
bine, and electronic fields, time was the 
contributing factor to the economic ap- 
plication we know today. Since atomic 
power is still in its infancy, it may be 
several years before it can compete eco- 
nomically with conventional power 
sources, but the future of controlled 
nuclear fission has never looked more 
promising. 
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Fig. 6. EXPERIMENTAL BREEDER REACTOR which is designed for a Plutoni- 
um core, with no moderator, and surrounded by a blanket of natural or 
depleted Uranium. Heat is removed from the compact core by circulating 
liquid Sodium. A secondary coolant is used to isolate the radioactive pri- 


mary coolant from the boiler water. 
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Experiment in Steam 


An old form of power comes back in new dress... 


by Harry Hirsch, E. E. ‘57 


In the last decade or so, the magic 
word in the railroad industry has been 
“dieselization.”. With approximately 
80% of the industry’s power being in- 
vested in diesel-electric or straight elec- 
tric units, it appears that steam power 
is gone or almost gone. (Some estimate 
complete nation-wide ending of steam 
locomotives by 1959). There are a de- 
termined band of hold-outs, who while 
using diesel power or modifying steam 
are still experimenting with the steam 
locomotive, not for sentimental reasons 
but economic motives. While the diesel 
locomotive is fine, diesel oil resources 
are something else. The big push for 
better utilization of steam lies in our 
nation’s abundant coal resources. Hence 
experimentation in coal turbines. Some 
are experimenting with a coal fired gas 
turbine, which is still in laboratory 
stages. Norfolk and Western Railway, 
long America’s last stand of all steam 
operation has in conjunction with Bald- 
win-Lima-Hamilton and Babcock & 
Wilcox developed, and is using a coal- 
burning, steam turbine-electric locomo- 
tive for freight service. This locomotive, 
No. 2300, (nicknamed Jawn Henry in 
honor of the legendary Negro steel 
driver) has been running tests up and 
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down the Norfolk & Western. Some 
of the results are gratifying to coal men. 


Jawn Henry is a _ big locomotive. 
With tender, coal and water it weighs 
586 tons and stands 161 feet, 114 inches 
long. It was delivered to N&W in 
1954 and was immediately put into test 
service on mountains, flat land, as a 
helper and as a road locomotive. It is, 
in a sense, a large coal-fired electric 
plant compressed to railroad track size. 
It combines the inherent flexibility of 
electric drive, the economics of coal 
as a fuel, and the thermal efficiency to 
make fuel cost better or equal than 
other forms of motive power. 


With a boiler rating of 600 psi, a 
temperature of 900 degrees F and an 
eficient water tube boiler, its efficiency 
is about double that of conventional 
reciprocating steam locomotives with 
their 300 psi boiler pressures and 700 
degree F steam heat. Automatic con- 
trols maintain full boiler pressure as the 
load fluctuates between idling and full 
load. It is rated at 4500 hp and de- 
signed for a maxium speed of 60 mph. 
Maximum rated tractive effort is 175,- 
000 pounds and continuous tractive ef- 
fort at nine mph is 144,000 pounds. In 


contrast, a four-unit, 6000 hp diesel has 
a weight of 496 tons and tractive effort 
at 11.5 mph of 160,000 pounds. ‘Big 
Boy,” the largest steam locomotive in 
America, weighs 270 tons, with 6670 
hp and a maximum continuous tractive 
force of 128,600 lbs at 10 mph. An- 
other experimental type locomotive, 
Union Pacific’s gas turbine, weighs 276 
tons, develops 4500 hp and 105,000 Ibs 
tractive force at 12.9 mph. Jawn Henry 
has four six-wheel trucks in a 6-6-6-6 
arrangement with each axle motorized. 

Established features on the 2300 in- 
clude steam driven air compressors, sto- 
ker and steam whistle. Trucks, includ- 
ing traction motors, are taken from 
diesel locomotive production. The main 
turbine, generators, turbine driven com- 
bustion air blower and electrical con- 
trols are all adapted from railroad and 
other power fields. Thus it has such de- 
sirable characteristics of electric drive 
units as high starting tractive effort and 
no reciprocating parts, plus the ad- 
vantage of burning coal. 


The locomotive tender carries only 
water, 22,000 gallons of it, plus a soft- 
ening plant. In front of the engineer’s 
cab is the coal hopper with a 20-ton 
capacity. The boiler rides behind the 
cab. Behind the boiler is the main tur- 
bine. Thus the entire power plant is as- 
sembled as a single self-contained unit 
supported on the locomotive frame at 
three points so its alignment is not ef- 
fected by distortions of the frame. Be- 
hind the turbine are the generator, elec- 
tric control and dynamic braking equip- 
ment for the rear trucks. Front truck 
dynamic braking equipment is carried 
in front of the coal hopper. Boiler con- 
trols measure steam pressure, steam 
flow, drum water level and air flow. 
Boiler selector and feedwater selector 
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Norfolk & Western’s No. 2300—Jawn Henry 
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DOWNGRADE FROM THE SUMMIT comes Jawn Henry. Men atop coal 
bunker are weighing fuel during dynamometer tests. (Photo from Trains 
Magazine) 


valves may be adjusted for manual or 
automatic position. The control panel 
includes alarms for high or low water 
level and lights which flash on to indi- 
cate possible sources of trouble on the 
engine. 

The boiler is a special natural-circula- 
tion water tube type, with a longitud- 
inal drum built to operate ot 640 psi. 

Steam-generating tubes of 3 and 2% 
inch sizes connect between drum and 
bottom circulating heaters. Protected 
from the heat of the furnace, the drum 
contains Cyclone type seperators which 
remove moisture from the steam before 
it enters the bank of one inch super- 
heater tubes. Combustion air for the 
firebox, supplied under pressure by a 
turbine-driven propeller type flower, 
goes through a gas-air pre-heat where 
it is heated to 350 F before going to 
furnace plenum chamber. Stack jets are 
installed for supplying induced air flow 
when firing up. Exhaust steam from the 
blower turbine goes to the feedwater 
heater. 

Water is pumped from the tender by 
a cold-water pump through a specially 
mounted zeolite softener on the tender, 
then through the turbine oil cooler and 
into an open-type deaerating feedwater 
heater. From here, a booster pump de- 
livers the softened, deaerated and heated 
water to the main feed pump which de- 
livers it through an economizer for ad- 
ditional heating and to the boiler drum. 
A high pressure emergency pump can 
deliver cold water from the tender di- 
rectly to the boiler drum. 
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Coal is delivered to the furnace by a 
conventional type locomotive stoker with 
screw feed from the coal bunker and a 
steam jet spreader. The ash is spread 
over the pan by steam jets, and the pan 
must hold the ash for a complete trip 
due to the pressurized fire box. 

The Westinghouse power plant is an 
impulse type non-condensing steam tur- 
bine with 4500 hp at 8000 rpm to the 
generator for traction. The turbine 
drives the generator through an 8.9 to 
1 ratio single-helical reduction gear. 
The generator has two armatures on a 
single shaft. 

Each is electrically connected to two 
parallel groups of three series-connected 
traction motors with one on each axle. 
The reduction-gear housing containing 
the lubricating oil reservoir is rigidly 
attached to the generator stator, and the 
turbine is mounted on the gear housing. 

Two swivel-type motor trucks at each 
end of the locomotive are spanned by 
a bolster. Bolsters are loading by body 
center pins and by spring plunger load- 
ing pads at each corner. The front- 
span bolster carries the cast-steel pilot 
and swing-type coupler. Traction and 
buffer loads are carried through the 
body center pin to the side trusses and 
to the rear center pin. The rear-span 
bolster carries M-380 rubber draft gear 
and a Tightlock coupler, also the cold 
and emergency feedwater pumps. 

Front to back the locomotive is ar- 
ranged thusly: (1) Forward truck elec- 
tric control and dynamic braking equip- 
ment, (2) Coal bunker and stoker, (3) 


Operator’s cab, (4) Boiler, (5) Tur- 
bine and Boiler-feed equipment, (6) 
Generator and (7) Electric control and 
dynamic braking equipment for rear 
trucks. The operating brake is located 
under the operator’s cab, with air pumps 
and reservoirs under the coal-bunker 
side slope sheets. Axial-flow traction 
motor blowers are located in the elec- 
trical compartments, each blower sup- 
plying air to six traction motors. 


Fans for ventilating the dynamic 
braking resistors are driven by motors 
connected across the resistors. Braking 
effort varies from 35,000 pounds at 50 
mph to 130,000 pounds at 14 mph. 


Manual centrols are at the cab. The 
master controller has a throttle and re- 
verse lever, the throttle having twelve 
notches in addition to “off”? and “idle” 
positions. 

It actuates the turbine’s speed changer 
pneumatically and also controls the ex- 
citation of the main generators. Power 
and braking are applied smoothly, with- 
out transition. The reverse lever has 
five positions: Brake, Forward, Off, Re- 
verse and Brake. A flexible shaft with a 
handwheel in the cab provides a means 
for opening and closing the turbine stop 
valve. A push-pull type trip lever, with 
the handle in the cab can be used to 
shlt down the turbine in an emergency. 


So much for the static characteristics 
of the locomotive. What does it do in 
actual service? Tests were conducted 
on Jawn Henry to (1) verify the draw- 
bar pull curve set forth by the build- 
ers in the locomotive specifications and 
to establish tonnage ratings for the new 
locomotive, (2) to develop the operat- 
ing costs of the locomotive in compari- 
son with other locomotives, and (3) to 
gain experience and data that would 
lead to simplification and improved per- 
formance of future locomotives of this 
type. 

During testing, a dynamometer car 
recorded drawbar pull, dynamic brak- 
ing effort, speed, time, location and dis- 
tance. Temporary plates placed over the 
stoker trough in the coal _ bunker 
weighed all coal burned in 200 pound 
increments. Water consumption was 
measured by the aid of calibration 
boards at the four corners of the main 
tender and the auxiliary tender. This 
auxiliary tender, had a capacity of 16,- 
000 gallons to eliminate water stops be- 
tween terminals in common with the 
railroad’s standard operating practice. 

In mountainous districts, something 
the N&W has plenty of, tests were run 
in comparison with the railway’s Class 
Y6b, a 2-8-8-2 compound locomotive 
which is called the workhorse of the 
railway. It weighs 30514 tons, has a 
Starting tractive effort of 130,000 
pounds compound and 170,000 pounds 
in simple gear. In flat districts, tests 
were conducted in comparison with the 
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Class A, a 2-6-6-4, single expansion ar- 
ticulated locomotive. This is a locomo- 
tive for high-speed heavy freight and 
even passenger service, having recorded 
sustained speeds of over 70 mph several 
times. It runs about 5200 to 5400 hp 
between 35 and 40 miles per hour with 
one example hitting 6300 hp at 45 mph. 

Drawbar pull curves were taken for 
each of the three locomotives. The 2300 
has the highest drawbar pull of the 
three up to 12 mph while the Y6b is 
higher above 12 mph and the A has a 
higher pull above 13.5 mph. There is 
a drop in turbine locomotive drawbar 
pull above 41.5 mph. There are no 
transitions in the traction motor con- 
nections and only shunting of the trac- 
tion motor fields. The turbine normal- 
ly operates at constant horsepower and 
the speed of the turbine is controlled by 
the torque requirements of the genera- 
tors up to maximum turbine speed of 
8000 rpm. The generators reach their 
maximum voltage after the last stage 
of field shunting has been made and the 
turbine has reached maximum speed al- 
lowed by the governor. This is at 41.5 
mph. Any increase in locomotive speed 
increases back electromotive force of the 
traction motors and current to the trac- 
tion motors will decreased so constant 
horsepower is not maintained. Drawbar 
horsepower curves gave the same gen- 


eral comparison as drawbar pull curves. 
Jawn Henry has the largest horsepower 
available at drawbar up to 12 mph; the 
Y6b has the highest drawbar horsepower 
from 12 to 31 mph; and the Class A 
has considerable advantage over the 
other two at speeds above 31 mph. 

When tests made on the mountain- 
ous Pocahontas and Radford divisions 
were completed, it was found the tur- 
bine made 4 to 13 per cent less speed, 
but showed a fuel saving of 20% to 
30%. It also handled between 18% 
and 27% more tonnage than the Y6b. 
The longer the turbine locomotive oper- 
ated at full load, the larger the rela- 
tive fuel saving. 

In flat territory in comparison with 
the Class A type, the steam turbine 
handled relatively the same tonnage, but 
at a speed 13.3% lower. In gross ton 
miles per hour based on running time, 
the turbine locomotive test runs aver- 
aged 11.1% less than the Class A runs 
but fuel costs per thousand gross ton 
miles for the turbine averaged 29.6% 
less. 

No major difficulties have been ex- 
perienced with the locomotive beyond 
minor failures which included a stop- 
ped up stoker trough, broken flexible 
steam connections to the cold water 
pump, failure of a traction motor blow- 
er-breaker, original main feed pump 


governor of improper size and difficulty 
with main turbine controls. 

There was another minor bug to be 
replaced. When the locomotive was 
built, rather than use an air horn, the 
N&W added an air whistle like that 
on the Y6b. However, the 600 pound 
pressure steam and the location of the 
whistle, down inside, made the tone 
somewhat less than satisfactory. During 
tests, among the notes found by test 
crews was one that simply said: “Fix 
the whistle.”’ 

What has been found is that the lo- 
comotive can handle the same, or great- 
er, tonnages as present locomotives with 
fuel savings up to 30%, at only a small 
increase in time start to stop. The first 
cost of locomotives of this type is not 
known at present. Simplification of con- 
trols and elimination of some protective 
devices has already been found possible. 
Future locomotives of this type will 
have a horsepower increase of 4500 to 
7000. The turbine will be designed for 
condensing operating, taking a larger 
amount of energy out of the steam. Al- 
though it used more water, by treating 
it on the locomotive, it can use the 
same water over and over. It can haul 
heavy trains day in and day out with 
less fuel. It has an abundance of fuel 
in coal, easy operations, electric drive 
and should be around for- quite a while. 


.. Big Esskay Plant 
in Baltimore 


The Wm. Schluderberg-T. J. Kurdle Company operates the 
largest meat packing plant on the East Coast. Their Esskay 
brand products are recognized as top quality. 

The refrigerating system at the Baltimore plant has lately 
been expanded with additional Frick equipment. This in- 
cludes three large compressors, operat- 
liquid ammonia 
pumps; and 18,400 feet of galvanized 
square-finned pipe. Results have been 


Getdatanowon | 
Frick Graduate aks) 
Training Course 
in refrigeration. 


in two stages; 


more than satisfactory. 


FRICK COMPANY, Waynesboro, Penna. 
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IMPORTANT ON-CAMPUS INTERVIEWS FOR POSITIONS AT 


NORTH AMERICAN’S 
COLUMBUS DIVISION 


North American Aviation, foremost in the design and production of 
military aircraft, has an established engineering team at its Columbus 
Division with prime responsibility for complete design and development 
of Navy aircraft. 

The New FJ-4—Navy’s latest and fastest Fury JET—is the most 
recent achievement at Columbus. Other, even more advanced designs 
are now being developed from initial concept to actual flight...creating 
top opportunities for virtually all types of graduate engineers. 

Contact your Placement Office for an appointment with North 
American representatives. 


Or write: Engineering Personnel Office, Dept. COL, North American 
Aviation, Columbus 16, Ohio. 


N 


|, INC. WA 


COLUMBUS DIVISION i 


NORTH AMERICAN HAS BUILT MORE AIRPLANES THAN ANY OTHER COMPANY IN THE WORLD 
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at Pratt & Whitney Aircraft 
in the field of Combustio 


Historically, the process of combus- 
tion has excited man’s insatiable 
Since his 
most primitive attempts to make 


hunger for knowledge. 


use of this phenomenon, he has 
found tremendous fascination in its 
potentials. 

Perhaps at no time in history has 
that fascination been greater than 
it is today with respect to the use 


of combustion principles in the 
modern aircraft engine. 
At Pratt & Whitney Aircraft, 


theorems of many sciences are being 
applied to the design and develop- 
ment of high heat release rate de- 
vices. In spite of the apparent sim- 
plicity of a combustion system, the 


ls 
7 


bringing together of fuel and air in 
proper proportions, the ignition of 
the mixture, and the rapid mixing 
of burned and unburned gases in- 
volves a most complex series of 


interrelated events — events ocur- 
ring simultaneously in time and 
space. 


Although the combustion engi- 
neer draws on many fields of science 
(including thermodynamics, aero- 
dynamics, fluid mechanics, heat 
transfer, applied mechanics, metal- 
lurgy and chemistry), the design of 
combustion systems has not yet 
been reduced to really scientific 
principles. Therefore, the highly 
successful performance of engines 


like the J-57, J-75 and others stands 
as a tribute to the vision, imagina- 
tion and pioneering efforts of those 
at Pratt & Whitney Aircraft en- 
gaged in combustion work. 

While combustion assignments, 
themselves, involve a diversity of 
engineering talent, the field is only 
one of a broadly diversified engi- 
neering program at Pratt & Whitney 
Aircraft. That program—with other 
far-reaching activities in the fields 
of instrumentation, materials prob- 
lems, mechanical design and aero- 
dynamics — spells out a gratifying 
future for many of today’s engi- 
neering students. 


Pratt & Whitney Aircraft engineer manipulates probe in 
problem: design and development of fuel exit of two-dimensional research diffuser. Diffuser. 
injection systems which properly atomize design for advanced power plants is one of many 
and distribute under all flight conditions. air flow problems that exist in combustion work. 


Mounting an afterburner in a special high-altitude test Microflash photo illustrates one continuing 
chamber in P&WA’s Willgoos Turbine Laboratory permits 
study of a variety of combustion problems which 


may be encountered during later development stages. 


“Watch for campus availability of P& WA color strip film on combustion. 


World’s foremost designer and builder of aircraft engines 


PRATT & WHITNEY AIRCRAFT 
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uild Your Own 


olor TV Set! 


by Phil Hicks, Ch. E. ‘59 


About a year ago, I picked up an 
“Electronics” magazine from a news 
stand which had the heading on the 
front page “Convert Your Black and 
White Set to Color.” Ever since the 
day I picked up that magazine, I have 
been considering the problem of just 
such a conversion. I shall describe in 
the following article the conversion that 
I am doing. I would like at this point 
to express my gratitude to the Color- 
daptor Co., of Palo Alto, Calif., for 
allowing me to reproduce their diagrams 
and schematics that I might tell the 
reader about this project. I might add, 
all of the parts for this conversion may 
be obtained from the Colordaptor Co., 
either in kit form or in smaller kits of 
individual parts. The address of the 
Colordaptor Co. is as follaws: Color- 
daptor Con 54/ le sNomano sot. lalo 
Alto, California. 

The question “Can my black and 
white television set be converted into 
color?” has been asked many times. The 
author fears that the most commonly 
accepted answer of ‘‘no”’ is somewhat 
misleading. The fact is that your black 
and white set can be converted into 
color. However, this conversion is not 
of the kind that would run competition 
with the modern day television sets. The 
conversion is meant more directly for 
the experimentor and the person inter- 
ested in electronics. Do not mistake this 
statement however, for the conversion 
will produce satisfactory color televi- 
sion. Let’s take a closer look at this 
conversion. 
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Before we discuss the details of color 
conversion, let’s answer the first ques- 
tion which is in the reader’s mind. 
“How much does the conversion cost?” 
Well, the price can range all the way 
from $50 up to $150. However, the 
$150 includes also the cost of buying 
the black and white set. For conversion 
alone the maximum amount would 
probably be about $100. Fifty dollars 
applies to the experimenter who may 
have some of the parts in his junk box. 
All of the parts used are standard parts 
and standard receiving tubes and the 
construction does not require any ex- 


Why Buy a Color TV Set When 
You Can Make Your Own? 


pensive or complicated equipment for 
alignment of the converter. 

The operation of a mechanical color 
converter was described in an article 
in a previous issue of the Technograph. 
To avoid repetition, it will be assumed 
that this article has been read in the 
discussion of the operation of the color 
adaptor. It will be recalled that the 
present color signal used in United 
States today is transmitted as three con- 
tinuous signals. Each signal carries its 
own color information such as red, blue 
and green. The three signals are ap- 
plied to three electron guns which simul- 


Layout picture of 


color TV chassis 
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Victory 


Great Britain’s H.M.T.S. Monarch, world’s largest cable-laying ship. A.T.&T. joined with the 
British Post Office and Canadian Overseas Telecommunications Corporation in the historic venture. 


at 
2400 fathoms 


Bac Aground of Teamwork characterized the Bell System’s role in the 


success of a tremendous undertaking: laying the first 
transatlantic telephone cables. 


the first transatlantic 


One challenge given engineers and scientists at Bell 
Telephone Laboratories was that of designing equalizing 
te/ephone cables networks and amplifiers to be placed in the cables every 
40 miles to compensate for the huge attenuation losses. 
Electron tubes of unrivaled endurance were developed, 
capable of operating for up to twenty years. 


Western Electric, manufacturing and supply unit of 
the Bell System, assembled the repeaters in a special 
plant under clinical conditions. A mere speck of dust 
could fatally upset the sensitive amplifiers. 


The delicate and demanding job of laying the cables 
was supervised by engineers from Long Lines Depart- 
ment of A. T. & T. New cable-laying equipment was 
designed, and exacting procedures were devised so that 
the cable could be laid smoothly and safely on an ocean 
floor in places more than two miles deep. 


Teamwork helps Bell System engineers and scientists 
to anticipate and provide for America’s growing com- 
munications needs, no matter what the magnitude of the 
job to be done. 


Able, imaginative young engineers and scientists will 
find absorbing careers with the Bell Telephone Com- 
panies, Bell Telephone Laboratories, Western Electric 
and Sandia Corporation. Your placement officer can 
give you more information about career opportunities 


Each room in Western Electric’s clinically clean 
repeater plant was kept under positive air pressure : 
at all times so that dust-laden air could not leak in. in the Bell System. 


Bell Telephone System 
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Block diagram shows circuit distribution in the Colordaptor 


taneously scan the TV screen and thus 
give a continuous color picture on the 
screen. For cperation of the color adap- 
tor it is necessary to have a sequenticl 
signal. In other words, the color in- 
formation for the red, blue and green 
signals must follow each other. It can 
be seen that by applying the red, blue 
and green signals to the black and white 
tube at the same time that the red, blue 
and green filters pass in front of the 
tube that you would have the red _por- 
tion of the picture then the blue portion 
then the green portion of the picture. 
If the red, blue and green pictures are 
combined fast enough it will appear to 
the eye that a full color picture is pres- 
ent, since red, blue and green are the 
basic colors which are combined to 
make up the other colors in the color 
spectrum. This is exactly what the color 
converter does does, Thus, the color 
converter has two functions: (1) to 
apply red, blue and green signals to the 
black and white picture tube in the 
proper sequence, (2) to synchronize the 
color wheel so that the proper color fil- 
ter will be in front of the screen at the 
right time. The above discussion gives 
a very general description of the color 
converter. But let us now look at the 
converter in more detail. 


The video signal is taken from the 
second detector in the television set and 
run through a preamplifier. The stage 
of preamplification allows the converter 
to be applied to any black and white 
set. (Follow the block diagram during 
this discussion). From the preamp the 
signal is applied to the chroma-ampli- 
fier VIA. The chroma-amplifier dis- 
criminates against black and white video 
signals and the high frequency 4.5mc 
sound channel. From the chroma-ampli- 
fier the signal is fed to demodulator V2 
and the burstgate V3A. Normally the 
burstgate is biased off until the hori- 
zontal impulse drives the tube into con- 
duction. This conduction occurs at the 
end of the horizontal flyback which is 
when the eight cycles of 3.5 mc refer- 
ence occur. The output of the burstgate 
consists of bursts of 3.58 mc _ refer- 
ence signals. The stage V3B with the 
crystal filter converts the bursts into 
CW3.58mce rf reference voltage. 
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The reference phase shift network 
then gives the correct delay to the sig- 
nal so the red, blue and green reference 
signals will have the proper phasing. 
The reference phasing signals from the 
reference phase shift network are then 
applied to the tri-switching circuits. The 
tri-switch consists of tubes V4A, V4B 
and V5A. Basically, the tubes form a 
three position switch operating at 20 
cycles per second. The switch is oper- 
ated by the vertical synchpulse which is 
taken from the TV set and applied to 
amplifier V5B then to the tristable 
switching circuit. After amplification 
and limiting in reference amplifiers 
VoA and V6B the reference signal is 
applied to demodulator V2. The signal 
from the demodulator is amplified in 
VIB and then applied to the picture 
tube of the black and white set. The 
signal is applied either to the grid of 
the picture tube or the cathode of the 
picture tube, depending on how the tube 
is employed in the television circuit. 
If the picture in the TV set is applied 
to the grid then the color signal is ap- 
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plied to the cathode and if the picture 
is applied to the cathode of the TV set 
then the color signal would be applied to 
the grid. A delay line is added to the 
black and white video circuit to delay 
the black and white picture and cause 
the color signals and the black and white 
signals to arrive at the picture tube 
at the same time. Synchronizing signals 
for the color adaptor are taken from 
the vertical and horizontal sweep cir- 
cuits of the TV set. 

Synchronization for the color wheel 
drive mechanism is achieved by com- 
paring a pulse from the color wheel 
for each set of red, blue and green fil- 
ters with the plate wave form of the 
blue tritch triode. The phase difference 
is detected by tube V7. If there is a 
phase difference a control signal is ap- 
plied to V8 which in turn varies the 
motor speed through the control trans- 
former. The pulse from the color wheel 
is obtained by iron pole pieces on the 
color wheel pulley which pass over a 
coil and a magnet and induce a small 
reference voltage as the blue filter starts 
across the screen. 


Construction of the Colordoptor 


Fig. 1 shows the general layout of 
the chassis of the color adaptor. A 
3x12x8” chassis is used to hold the en- 
tire unit including power supply and 
color wheel synchronizer. 

The filaments are wired using the 
chassis as a common ground. Remem- 
ber to connect pins 4 and 5 and ground 
pin 9 on 12 volt tubes so as to get 12 
volt operation. The heater lead is by- 
passed to ground by a .Olmf capacitor 
at the tube V6. Using tie points, run 
a B plus bus. 
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WHEEL SYNC’ “MoTOR SPEED 


Fig. 1. Chassis layout (above and opposite page) 
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Most of the components of V4 and 
V5 are not critical as to length and may 
therefore be mounted on a_ terminal 
board. Terminal board is shown in Fig. 
2. The coil form dimensions are given 
in Fig. 3. The winding data can be 
found in the parts list. 


For anyone who does not wish to 
wind his own coils, machine wound 
coils are available in kitform from the 
Colordaptor Co. The 3.58mc_ color 
crystal can also be obtained from the 
company. 


If it is desired to have external color 
controls, color gain R20 and the refer- 
ence phase condenser C23, it may be 
located on the front of the TV set. 
R20, however, should be kept away 
from high voltage wires, but other than 
that does not have a critical length. The 
condenser for the color phase control 
may be run in a shielded cable up to a 
length of about 4 feet. The cable will 
add capacity to the control and there- 
fore the flnal capacity of the condenser 
used will not be as great. Probably a 


100 micro-micro farad condenser would 
be suitable. 

Connections of the color adaptor to 
the television set are shown in Figure 
4, except for the twisted pair and in the 
color connection to the picture tube, 
the other connections may be run in a 
single cable. 

The verticle synchpulse is taken from 
the grid of the vertical output tube of 
the TV set. The pulse is a negative one 
of about —10 to —30 volts. The horizon- 
tal synchpulse can be taken from the 
plate of the horizontal output tube. A 
divider network can be used as shown in 
the diagrams to reduce the amplitude 
of the signal to about 30 volts. If reduc- 
ing the voltage of the horizontal output 


tube which is from 3000 to 5000 volts - 


is not desired, an alternative method of 
wrapping about ten turns of wire 
around the horizontal output transform- 
er core may be used. One side of the 
winding is grounded to the TV set and 
the other side is directly connected to 
the color adapter. When this is done the 
divider need not be used. 


Fig. 2. Tritch terminal board 
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Fig. 3. Dimensions of Coil Forms 


The power for the preamp may be ob- 
tained from the color adapter or from 
the television set. It is preferable to use 
the power of the TV set to run the pre- 
amp, but either method is satisfactory. 

The delay line is added in the video 
circuit as shown in Figure 4. The line 
gives a delay of about 1.3 microseconds 
and has an impedence of about 5000 
ohms. The delay line winding should be 
made about 614” long. When the set is 
operating, the length of a line can be 
varied to give the proper delay. Approx- 
imately 113 turns of No. 32 enameled 
wire will occupy one inch of winding 
length. Therefore, set the lathe feed for 
.0039 in. per revolutions so that the 
turns tend to overlap and form two 
layers of wire in a single pass of the 
lathe. If one does not desire to construct 
this delay line, it may also be obtained 
from the Colordaptor Co. 

There is one more detail. Vertical and 
horizontal retrace blanking signals need 
to be added to the converter. The meth- 
od of adding these signals depends on 
how the color signal is applied to the 
black and white picture tube. Figure 4 
shows the method of adding the signals. 
If the color is applied to the cathode ray 
tube grid, then both horizontal and ver- 
tical blanking circuits are needed. How- 
ever, if the color is applied to the cath- 
ode ray tube cathode, then only horizon- 
tal retrace blanking circuits are needed. 


Construction of the Color Wheel 


Figure 5 shows the general construc- 
tion of the cclor wheel. The color wheel 
may be cut from any light weight mater- 
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ial, such as light plywood or bakelite 
material. The color wheel construction 
is left somewhat to the imagination of 
the reader. For example, the color filters 
may be sandwiched between two pieces 
of lucite plastic so as to cut wind resist- 
ance to a minimum. However, one may 
find that the motor he uses will not be 
big enough to change the speed of the 
color wheel adequately for synchroniza- 
tion since the moment of inertia of the 
solid plastic wheel will be much greater 
than a ring. As stated, the general shape 
of the color wheel should be as shown in 
Figure 5, but as far as the material and 
construction of the wheel, one’s imagina- 
tion can be used so long as the wheel is 
kept as lightweight as possible. 

The motor used to drive the color 
wheel can be very small. Suggested sizes 
of motors are as follows: For a color 
wheel for up to a 12” screen, probably a 
1/60 horse power motor would do the 
job. For screens up to 21”, probably a 
1/30 horse power would be advisable. 
Again, depending on the size and con- 
struction of your color wheel, a larger 
or smaller motor may be used. 


As for bearing systems, various types 
of shafts and systems may be found in 
hardware stores, such as those used for 
emery wheels. If such a shaft mechaniza- 
tion is used, commercial aluminum pul- 
leys may be used to the drive mechanism. 
The iron pole pieces may be _ bolted 
directly to the drive pulley of the color 
wheel and the magnet and coil located 
directly behind the pulley. However, the 
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Fig. 5. Color wheel. R is wheel radius according to tube size 


pulleys and drive mechanism for the col- 
or wheel may be constructed by the 
individual. There are many possibilities 
of different kinds of construction and 
are limited only by the imagination of 
the builder. (A sample assembly is 
shown in Figure 7.) 


If the color wheel could be included 
in some kind of a housing, air resistance 
could be cut to a bare minimum and 
would allow less noise. The less air re- 
sistance the wheel has, the easier syn- 
chronization will be. 


Color filter material for the wheel 
has to have a rather special property. 
The three filters, red, blue and green, 
when combined on a rotating wheel, 
must combine to give white light. Such 
material may be obtained from some 
photographic company. Sometimes, such 
material can be found in local stores 
which handle books and supplies, but the 
properties of these materials is not quite 
as satisfactory as the material meant for 
this purpose. Material may also be ob- 
tained from the Colordapter Co. Since 
the very operation and quality of the 
color of the TV set will depend on the 
property of these filters, it is somewhat 
important that you select the filters with 
much care. If plastic construction of the 
wheel is desired, similar properties of 
color may be obtained in lucite plastic. 

After the color wheel is constructed 
and the drive mechanism is constructed, 
the wheel is placed in the upper left 
hand corner of the rectangular picture 
tube and the wheel synchronized with its 


magnetic iron pole pieces so that the pole 
piece crosses the magnet and the coil at 


the same time the blue filters starts 
across the screen. 
Now we essentially have a color 


wheel and color adapter unit attached to 
the television set and the unit is ready 
for adjustment. 


Alignment of the Color Adapter 


Before starting any alignment, dou- 
ble check the schematics against the 
wiring of the unit and make sure that 
there are no mistakes. The B plus vol- 
tage of the power supply should be 
between 200 and 225 volts. 


The next adjustment is to align the 
chroma amplifier. For this a signal gen- 
erated calibrated to cover the range of 
2.5 to 5 meg. and a detector probe is 
needed. The signal generator should be 
attached to the grid of V1 and the de- 
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Fig. 6. Chroma Amp. Response 


tector probe across coil L4. Set the sig- 
nal generator to 3.5 meg. and adjust 
condensors C8 and C7 for maximum 
response. With the signal generator at 
4.5 meg. tune C5 for minimum re- 
sponse. As the * gnal generator frequen- 
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Fig. 7. Color wheel drive 


cy varies from 3.5 up a response curve 
somewhat like in Fig. 6 should be ob- 
tained. C7 and C8 may have to be re- 
tuned to obtain such a response. Sharp 
peaks may be reduced by varying the 
value of R3 to flatten response. Leaving 
the detector across L4, put the signal 
generator input to the TV video detec- 
tor. Now the signal goes through the 
TV set preamp V9. Set Cl at about 
half capacity. Put the signal generator 
at 4.5 meg. Tune C2 for minimum re- 
sponse. With the signal generator at 4 
meg. adjust C3 and the preamp trimmer 
capacitor for maximum response. Next, 
tune the signal generator to 3 mec. and 
adjust Cl for maximum response. Re- 
peat the above adjustments until a re- 
sponse curve similar to Figure 8 has 
been obtained with the sharp peak at 
about 4 meg. As a final check, again 
adjust the sound trap C2 and C5 for 
minimum response at 4.5 meg. The 
alignment of the chroma amplifier cir- 
cuits is now complete. 

Connect the signal generator to the 
grid of V6B and the volt meter to the 
test point, diode D6. With the signal 
generator set at 3.58 meg., adjust C18 
for maximum response, keeping the test 
point voltage below 2 volts by varying 
signal generator output. Now, with the 
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signal generator at the grid of V6A and 
still at 3.58 meg., repeat the same pro- 
cedure for C23. 

Next, connect a multimeter between 
the B plus and each of the triode plates 
in turn. All plates should indicate a vol- 
tage of —20 volts with respect to the B 
plus. If the tritch is not functioning pro- 
perly, disconnect the vertical synchroni- 
zation pulse from the TV set. Then 
cycle the tritch by shorting to ground 
each of the grids V4, V4B and V5A in 
sequence. When the V4A grid is shorted 
to ground the V4B plate should be 
about 60 volts less than B plus. The 
other two plates should be near B plus. 
Similarly, the V4B grid should lower 
the V5A plate voltage and raise the 
other two plates to B plus. If shorting 
a grid does not cause the next tube in 
sequence to conduct, increase the grid 
resistor of the next tube slightly and 
repeat the sequence test. 

The final adjustment of the reference 
tuning is done while a color telecast is 
being broadcast. When making the next 
adjustment keep the TV set fine tun- 
ing tuned sufficiently so that the test 
point voltage is less than two volts. Ad- 
just C43, C23 and C18 through the 
peak test voltage. C42 is set at mid- 
range. For best operation of the burst- 


gate, adjust R49 for maximum test 
point voltage. 

Also adjust the horizontal hold of 
the TV set to obtain maximum test 
point voltage. When the television fine 
tuning is adjusted for proper color op- 
eration, the test point voltage will rise 
to a limiting value of about 3 volts and 
then will be relatively independent of 
the fine tuning adjustment. The color 
wheel may now be started and adjusted 
for synchronization. 


Adjusting R58 and R61 so that the 
color wheel runs slightly too slow, in 
other words the bars go in the same 
direction as the color wheel rotation. 
Proceed to synchronize the wheel with 
R61 until the bars disappear from the 
picture. Just before synchronizing the 
color wheel, a gray bar should go 
through the picture in the opposite di- 
rection of the color wheel rotation, if 
the wheel is going too fast and in the 
same direction of rotation, if the wheel 
is going too slow. Synchronization will 
remove the bars from the picture. If 
the color wheel cannot be synchronized 
and will not run at the proper speed, 
check the pulley ratios and the operation 
of the synchronizing circuit. With the 
color wheel synchronized correctly, a 
full color picture should be obtained. 
The color gain can be controlled by R9 
and the proper color phasing by C23. 

In other words, C23 can be adjusted 
to give pleasing flesh tones and lipstick 
red. The brightness of the colors can 
be adqusted by adjusting R9. RY will 
also be affected strongly by the TV 
set’s fine tuning. 

If proper color phasing cannot be 
obtained, reverse the leads to either L3 
or L4, but not to both. Again adjust 
the phase controls. However, do not ad- 
just C18 to change the color phasing. 


The reader has now seen a complete 
or relatively complete description of the 
conversion of a black and white TV 
set to color. The description may be 
somewhat incomplete, but the limitation 
of time and space at this time could not 
permit the complete description of the 
construction of the converter. It would 
be suggested that if the reader intends 
to make this conversion that further in- 
formation be obtained from Colordapter 
Co., or from any similar company. Con- 
version, however, should be possible 
from this article and the author will be 
glad to fill in any information about 
some of the smaller details. 
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Fig. 8. Bandwidth Response Curve 
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“THERE’S A BEAUTIFUL EARTH OUT TONIGHT’’ 


These words will be spoken by a traveler from 
the planet Earth—and the speaker is alive today. 
A whole new science of astronautics has come 
into being in the past decade. And today at 


Martin, thousands of engineering man-hours 
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are daily being devoted to the development of 
guided missiles, rockets and flight systems of 
vital importance to the security of our country — 
and to the future of astronautics....It’s sooner 


than you think! 
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Interior of main frame of computer 


FASTER, FASTER 
By W. J. Eckert and Rebecca Jones 


Watson Scientific Computing Laboratory, Colum- 
bia University, International Business Machines 


Corp. Published by McGraw-Hill Book Co., 1956. 
160 pages, $2.70. 
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Card-Tape-Card machine 
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Since Pascal introduced his adding 
machine in 1642, the art of computing 
machine design has made great strides. 
Although the immense super-calculators 
of today have not replaced the desk 
calculator or the pencil and paper type 
of computation, they have taken over 
the great burden of the very long or 
very involved caluculations. Many 
problems which have remained  un- 
solved due to the extremely long com- 
putation time (the paths of the planets 
through the years in intervals of 40 
days, for example), have now become 
possible and are in fact currently being 
executed. 


The necessary complexity of these 
super-calculators has often been the un- 
doing of many an engineer seeking a 
slight introduction to the equipment. Al- 
though many books have been written 
on each of the large machines, the lan- 
guage has always been highly techni- 
cal, especially with respect to mathe- 
matics. Since most of the involved prob- 
lems are solved on the digital com- 
puter by approximation formulae, the 
engineer not familiar with these “short- 
cuts’ has been unable to follow the 
train of thought used in the problems. 
This book is perhaps the first to be writ- 
ten for the “layman.” 

Although a description of the NORC, 
Naval Ordnance Research Computer, 
built by the International Business Ma- 
chines Corp., the principles presented 
are generally applicable to many other 
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Card-Tape-Card machine 


large machines. ‘The avowed purposes 
Gia the text gre: ~~. . to explain: in 
non-technical language how a calculator 
operates, the nature of the problems it 
solves, and how the problems are pre- 
sented to the calculator.” 

The approach used is one of describ- 
ing each of the units in turn: Arithme- 
tic and Logic units, the “Memory,” 
Magnetic Tapes, Printing, etc. As each 
new concept is introduced it is tied to 
previous material, often by direct page 
reference. Preceeding these sections is a 
rather lengthy and somewhat involved 
introduction. Following the regular text 
material are a number of appendices 
covering such things as general specifica- 
tions (description) of the machine, a 
list of the codes employed in the ma- 
chine, and examples of problems solved 
by the machine. 

The block diagram and the exam- 
ple are used throughout to clarify the 
material wherever needed. Complicated 
mathematical or technical aspects are 
avoided so that any novice engineer 
having successfully completed a course 
in College Algebra could wade through 
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the book with little difficulty. 

Two chapters are especially important 
and timely and are often omitted even 
in larger more-technical texts. These 
are - Maintenance’ “and “What is 
Wheres to sCatculates? — hy any large 
mechanism, whether it be a large digi- 
tal computer or a radar set, maintenance 
is a major consideration and the inclu- 
sion of this chapter will tend to give 
the reader an insight into the elaborate 
maintenance problems encountered. 

The “What is There to Calculate” 
chapter brings the usage of this big ma- 
chine down to the student engineer, 
showing just what type of problems can 
be efficiently handled by the NORC. 
Some of the problems used tie directly 
in with the elementary physics courses 
given at the University of Illinois. 

One thing which could have been 
added to assist the reader is a bibliogra- 
phy. Many times a given topic will 
strike the reader’s fancy and he will 
want to make further inquiries. In these 
instances, the bibliography would have 
been most useful. 

The book is certainly to be recom- 


mended to anyone seeking a non-elec- 
tronic introduction to large scale digi- 
tal computing mechanisms. Although 
primarily a description of the NORC, 
this book serves to open wide the door 
to the world of computers, giving the 
reader an insight and an appreciation of 
these machines. With the ever-expand- 
ing usage of these calculators, the en- 
gineer familiar with them will certain- 
ly be in demand. 


xk * 


MECHANICAL VIBRATIONS 
(Fourth Edition) 


By J. P. Den Hartog, Professor and Head 
of the Department of Mechanical Engineer- 
ing, Massachusetts Institute of Technology. 
Published by McGraw-Hill Book Co., 1956. 
436 pages, $9.00. 

While dealing with vibration phe- 
nomena in a thoroughly technical man- 
ner, this book emphasizes the many 
practical applications of principles to 
vibration problems encountered by the 
mechanical engineering student or the 
practicing engineer. Complete explana- 
tions and proofs are given without 
mathematics higher than simple differ- 
entiations and integrations. 

To the fourth edition has been added 
an increased number of problems and 
solutions, and material on new develop- 
ments in this field. Out-dated material 
has been replaced by up-to-date con- 
cepts. It is 2 practical text or reference 
for the undergraduate. 


CHEMICAL ENGINEERING 
KUN Pall Gs 


By J. M. Smith, Professor of Chemical En- 
gineering and Assistant Director, Engineer- 
ing Experiment Station, Purdue University. 
Published by McGraw-Hill Book Co., 1956. 
402 pages, $8.00. 

This book brings to engineering stu- 
dents and practicing engineers the ccm- 
bination of kinetics and reactor design 
necessary to design, construct, and oper- 
ate reaction equipment. The engineer- 
ing approach is entirely different from 
that of the usual chemical kinetics text 
in that emphasis is on the engineering 
problems encountered in designing and 
operation reaction equipment. 

New advances are presented in inter- 
preting catalytic ractions, particularly 
those occurring on solid catalysts. The 
relationship between surface absorption 
and catalytic reactions is considered in 
detail. Illustrative examples clarify the 
complex problem of design reactor where 
temperatures and concentration changes 
occur. 

In spite of the inherent complexity of 
actual kinetics problems, the author has 
made a special effort to avoid long, 
tedious examples. The examples have 
been designed to illustrate a single point 
and have been simplified so as to avoid 
extraneous difficulties. 

(Continued on Page 52) 
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birth of a satellite 


Most new ideas, like this inhabited satellite, start 
out as drawings on a shect of paper. Here artist Russell 
Lehmann shows the first step in building the space 
station proposed by Darrell C. Romick, aerophysics 
engineer at Goodyear Aircraft. 


Two ferry ships, one stripped of rocket units, are 
joined end to end. As others are added, this long tube 
forms temporary living quarters for crews. Eventually, 
outer shell will be built around core, making com- 
pleted station 3,000 feet long, 1,500 feet in diameter. 


No one can be sure which of today’s bright ideas 
will become reality tomorrow. But it is certain that 
in the future, as today, it will be important to use 
the best of tools when pencil and paper translate a 
dream into a project. And then, as now, there will be 
no finer tool than Mars — from sketch to working 
drawing. 

Mars has long been the standard of profes- 
sionals. To the famous line of Mars-Technico push- 
button holders and Icads, Mars-Lumograph pencils, 
and Tradition-Aquarell painting pencils, have re- 
cently been added these new products: the Mars 
Pocket-Technico for field use; the efficient Mars lead 
sharpener and “Draftsman’s” Pencil Sharpener with 
the adjustable point-length feature; and — last but 
not least — the Mars-Lumochrom, the new colored 
drafting pencil which offers revolutionary drafting 
advantages. The fact that it blueprints perfectly is 
just one of its many important features. 


The 2886 Mars-lumograph drawing pencil, 19 
degrees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom colored drafting pencil, 24 colors. 


J.S.| S|TAEDTLER INC. 


HACKENSACK, NEW JERSEY. 


at all good engineering and drawing material suppliers 
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(Continued from Page 51) 


CONTRACTS, SPECIFICATIONS, 
AND ENGINEERING 
RELATIONS 


(Third Edition) 


By Daniel W. Mead, Rewritten by the 
Staff of Mead and Hunt, Inc., Harold W. 
Mead, Pres., and Joseph Reid Akerman, As- 
sociate Professor of Mechanical Engineering, 
University of Wisconsin. Published by Mc- 
Graw-Hill Book Co., 1956, 427 pages, $7.00. 


The purpose of this book is to set 
forth the important relations with 
which the engineer or architect should 
become familiar when starting his pro- 
fessional career. The basic discussion of 
ethics closelv follows the treatment or- 


-iginated by D. W. Mead, the original 


author. 

While the major emphasis is on law, 
contracts, and specifications, many other 
subjects are covered. Stress is placed on 
the use of good English, with special 
attention to the writing of technical re- 
ports and business letters. The specifica- 
tions section is based on material cur- 
rently used by architects and consulting 
engineers. 

The many changes in this book have 
modernized it to conform to present- 
day usage. Chapters on the use of Eng- 
lish and the sections covering business 
letters have been revised to reflect cur- 
rently used language, while chapters 
covering the legal aspects of contracts 
are restated in language more familiar 
to technical students. A complete set of 
specifications is included as an appendix; 
another appendix lists organizations 
which publish standard specifications. 


* * * 


ENGINEERING MECHANICS 


By S. Timoshenko, Professor Emeritus of 
Engineering Mechanics, Stanford University ; 
and D. H. Young, Professor of Engineering 
Mechanics, Stanford University. Published 
by McGraw-Hill Book Co., 1956. 535 pages, 
$7.50. 

Ideally suited to undergraduate work 
in engineering, this book will equip the 
student with a sound basic training in 
engineering mechanics and will acquaint 
him with as many methods of attack as 
possible, illustrating the application of 
these methods to practical engineering 
problems. 


In this fourth edition, problems are 
offered in greater variety than ever, and 
a high percentage of them are on an 
elementary level. Most of the problems, 
too, are now given with numerical data 
and numerical answers in order to de- 
emphasize algebraic manipulation. 

In the fourth edition a considerable 
amount of the Statistics section has been 
rewritten. Also, a number of topics have 
been presented in a more straightfor- 
ward manner, making the book easier 
to understand. 
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The Atomic Locomotive 


Can the Railroads Successfully 


Use Atomic Power? 


by Harry Hirsch, E. E. ‘57 


While atomic power stations have be- 
come realizable objects and nuclear re- 
actors have been placed in submarines, 
other forms of transportation have only 
discussed atomic power possibilities. In 
the railroad industry, this discussion has 
reached an advanced stage through the 
work of Dr. Lyle B. Borst, former di- 
rector of research of the University of 
Utah. 

Together with graduate students at 
Utah and assisted by other members of 
the faculty and representatives of manu- 
facturers and railroads, he has found 
an atomic locomotive to be at least tech- 
nically feasible. It would be a 7,000 hp 
unit with 12 driving axles and a total 
length of 160 ft. The reactor itself 
would be of the water boiler design, two 
by three by three feet, having an output 
of 30,000 kw of heat in the form of 250 
psi of steam. Power transmission would 
consist of geared generators and conven- 
tional traction motors achieving electri- 
cal locomotive performance due to the 
overload capacity of the reactor, which 
could reach a short time output of 9,000 
to 12,000 hp. 


Economic studies are hard to make 
due to incomplete estimation of fuel 
costs. If Uranium 235 costs less than 
$7 per gram, the locomotive could com- 
pete with present diesel units under 
present operating conditions. 

The main reason for construction of 
such a locomotive would come from the 
possible reduction of fuel costs. If 
atomic locomotives replaced diesels, fur- 
ther economies would come from the re- 
placement of diesel servicing facilities. 
However atomic locomotives while re- 
quiring less refueling would of neces- 
sity have their refueling done at an 
elaborate central facility. Another cost 
factor is that of the reactor. Fortunately 
its cost is not proportional to its output. 
A 1,000 kw reactor may require five 
feet of shielding, whereas a 10,000 kw 
reactor requires 51% feet. However, heat 
exchange system is proportional to 
power rating and its cost may increase 
rapidly with output. A large and heavy 
locomotive would be required, since re- 
actor and shield weight could not be re- 
duced much below 400,000 Ib. 

Maintenance costs of the 


Turbine 


reactor 


Air exhaust 


Reactor & shield 
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would be low, but maintenance within 
the reactor would be curtailed due to 
radioactivity. Therefore the problem is 
to design the reactor so that failures 
within the shield are extremely unlikely 
to happen. With failure of a reactor, the 
locomotive would be out several months 
or years. Other equipment such as the 
turbine, heat exchanger, generator and 
motor, being of conventional design, 
would require only normal maintenance. 

Due to its size and cost, the atomic 
locomotive could not operate anywhere. 
It would have to haul heavy loads at 
high speeds with short terminal times, 
something the railroads desire in most 
of their power. The only limitation to 
the power output of the reactor would 
be the rate of heat removal. With proper 
heat extraction and energy conversion, 
atomic locomotives could achieve elec- 
trical locomotive performance. 

The locomotive would have twelve 
motor-driven axles with an axle loading 
of 60,000 Ib to support the 720,000 Ib 
weight of the locomotive. Motor ratings 
for the continuous service are then 600 
hp per axle, about equal to that of gas 


Air intake 
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ATOMIC railroading could conceivably be built around this 3000-horsepower C-C unit which eliminates complex water-into-steam cycle. 
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turbine units in use on the Union Paci- 
fic Railroad. The locomotive would have 
60 feet between truck centers with a 
width of 10 feet, height of 16 feet and 
rail clearance of 6 inches. It would have 
two units, one being the traction unit, 
with the other containing the heat ex- 
changer. The turbine would receive 
steam through a spiral steam line (to 
prevent leakage of gamma and neutron 
ray radiation) and operate on slightly 
radioactive steam. Exhaust steam is con- 
densed in a tubular condenser extending 
to the back of the cab. Condensate is 
pumped back into the reactor. Con- 
denser water is pumped to the second 
car and through heavy duty radiators 
where heat is transmitted. The turbine 
would be geared for generators on both 
sides of the cab. Generators and gears 
would constitute part of the reactor 
shield and thus not add weight to the 
locomotive. 


The vessel containing the liquid 
(Uranyl sulphate) must be able to 
permanently withstand high temperature 
and pressure, corrosive liquids and very 
intense radiation as well as be leak 
proof. Its material, of course, would not 
affect the fission chain reaction. Such a 
material is high grade stainless steel. 
The fuel would be contained in a hex- 
agonal slab. Adjacent to each hexagonal 
face would be a water reflector. Each 
would be connected by 10,000 heat 
transfer tubes which perforate the ves- 
sel. 


The water which circulates through 
the tubes and reflectors is a source of 
steam for the turbine and an essential 
part of the nuclear reactor. Since the 
fuel is radioactive, corrosive and under 
higher pressure than the reflectors, dou- 
ble wall construction of the vessel is 
needed to satisfy leak-proof require- 
ments. Air or water could be passed 
continuously through the space between 
the walls and then through a radiation 
detection device, where an increase in 
radioactivity would indicate a leak in 
the inner wall. Remedial steps could be 
taken before a leak developed in the 
outer wall. Such a leak would contam- 
inate the whole turbine-generator sys- 
tem. 

The reactor would be at the center of 
a 15 by 15 by 10 foot shield and ori- 
ented so the hexagonal faces be perpen- 
dicular to the direction of motion of the 
locomotive. This provides a distance of 
four feet from the outer face of the 
reflector to the face of the shield ad- 
jacent to the cab. To minimize wreck 
hazard, it is proposed that the shield 
be designed as a series of containers, 
then each steel layer of the shield would 
be a potential container, if the vessel 
should rupture. 

The reactor would be a homogeneous 
thermal reactor with Uranium 235 as 
the fissionable material and water as 
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moderator, reflector and coolant. The 
uranium in the form of uranyl sulphate, 
would be dissolved in the water moder- 
ator to give a homogeneous solution. 
This water would undergo radiation de- 
composition into hydrogen and oxygen 
at the rate of 32 gallons per second at 
full power. At this rate, in 13 minutes 
of full power operation, 10% of the 
moderator would be lost. Thus it must 
be recombined and water returned to 
the fuel to maintain-a constant ratio. 
The 10,000 tubes perforating the ves- 
sel give a surface of 806 sq. ft. for heat 
transfer. Since circulation in the re- 
flector is too fast to permit separation of 
steam and water by gravity, a steam 
separator must be included. A system 


which would change the direction of: with shut-off roads. Then it 


the steam to force the water out cen- 
trifugally would be adequate. 

The fission chain reactor would be 
controlled by positioning sheets of a 
high neutron absorption cross-section 
material. Boron or cadmium sheets are 
usually used for this. Such control sheets 
must be perforated to permit circula- 
tion of the fuel. They should also be 
designed so as to fall into place by grav- 
ity when a sudden change in accelera- 
tion from a wreck or other emergency 
would occur. To start the reactor, the 
control rods are removed. When de- 
sired power level is reached, the rods 
are positioned to make the chain reac- 
tion maintain itself at a constant level. 

Refueling due to the build-up of fis- 
sion products in the fuel vessel neces- 
sitates a highly specialized fueling sta- 
tion using remote control methods to 
avoid hazards. High cost of such a sta- 
tion is reduced by the need for very 
few on a railroad due to infrequent re- 
fueling. 

With a turbine efficiency of 25% 
and a heat input of 100 million BTU 
per hour, the turbine would use about 
25 million BTU per hour with the rest 
being dissipated in the condenser. A fuel 
pump at the bottom of the condenser 
could pump return water to the re- 
actor. The feed water to the reactor- 
boiler must be a closed cycle. Degraded 
steam from the turbine must be con- 
densed before being fed back into the 
reactor. The condenser uses water as a 
cooling liquid. Since 300,000 gallons 
per hour of water are used, it must be 
conserved. Radiators mounted on a sec- 
ond unit would cool the condenser 
water by dissipating the heat to air. 


An electrical system transfers the 
7,000 hp of the turbine shaft to the 
axles. It would be a doubly symmetrical 
double-reduction gear set, giving a speed 
reduction of 6.25 to 1 from turbine to 
generator. 


If a closed steam cycle was used, the 
turbine could operate on steam gener- 
ated within the reactor. However this 
would be radioactive and would con- 


taminate the turbine. The level of radio- 
activity in the turbine would be much 
less than that within the reactor, how- 
ever. But the presence of this contam- 
ination would make maintenance difh- 
cult and an ideal design would call for 
a zero-maintenance turbine. Such has 
not been found yet. 


Actual starting would be hazardous 
due to the tricky and time consuming 
operation of starting a chain reaction. 
It would take at least an hour and 
would require a highly skilled operator. 
On the road, the power could be re- 
duced to one per cent of full power 
and easily accelerated to full power. But 
when left unattended in the yard, the 
reaction would have to be quenched 
would 
have to be re-established under rigid 
supervision. 


In case of accident the reactor would 
have to be shut off immediately. The 
next danger would be that the fuel be 
kept intact. This would be accomplished 
by the 400,000 Ib shield. 


Costs would be about $1,200,000 
for building. Fuel costs are uncertain. 
The locomotive would be refueled about 
two or three days a year. Successful 
operation would come from heavy use. 
Beyond that, much cannot be said until 
actual construction of the atomic loco- 
motive. 
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New 


careers for engineers, now that 


Olor T'V is here | 


RCA’s pioneering in this exciting medium means unlimited 
opportunities for you in every phase from laboratory to TV studio 


Now, more than ever, new 
engineering skills and tech- 
niques are needed in the 
television industry — to keep 
abreast of the tremendous 
strides being made in Color 
TV. RCA — world leader in 
electronics — invites young 
engineers to investigate these 
challenging opportunities. 
Only with RCA will you find 
a scientific climate particular- 
ly suited to the needs of young 
engineers. Your knowledge 
and imagination will be given 
full rein. Rewards are many. 

Your talents are needed in 
research — in TV receiver de- 
sign — in network operations 
— even “backstage” at TV stu- 
dios. The experience and 
knowledge you gain can take 
you anywhere! 


WHERE TO, 
MR. ENGINEER? 


RCA offers careers in TV and 
allied fields — in research, devel- 
opment, design and manufactur- 
ing—for engineers with Bachelor 
or advanced degrees in E.E., 
M.E. or Physics. Join the RCA 
family. For full information 
write to: Mr. Robert Haklisch, 
Manager, College Relations, 
Radio Corporation of America, 
Camden 2, New Jersey. 
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Like 2 sets in 1—get Color and black-and- 
white shows, too! It’s RCA Victor Compatible 
Color TV. See the great Color shows in “Living 
Color’’—regular shows in crisp, clear black-and- 
white. With Big Color, you see everything. 


Color every night — right now! Something 
for everyone! You'll have “two on the aisle” 
for the best shows ever—drama, comedies, Spec- 
taculars, children’s shows, local telecasts. For now 


216 TV stations are equipped to telecast Color. 
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Practical and trouble-free! Service at new 
low cost! Big Color is dependable Color. And 
RCA Victor Factory Service is available in most 
areas (but only to RCA Victor owners). $39.95 
covers installation and service for ninety days. 


# 


paid for black-and-white. This is the lowest 
price for Big Color TV in RCA Victor history! There 
are 10 stunning Big Color sets to choose from— 
table, consolette, lowboys, and consoles, too. 


‘. 


254 SQUARE INCHES 


VIEWABLE PICTURE 


Big-as-life 21-inch picture tube — overall 
diameter. Actually 254 square inches of view- 
able picture area. And every inch a masterpiece 
of “Living Color.’’ Here are the most natural 
tones you’ve ever seen—on a big-as-life screen! 


Big Color TV is so easy to tune, even a 
child can do it! Turn two color knobs and 
there’s your Big Color picture! It’s easy, quick, 
accurate. It’s a new thrill when the picture pops 
onto the screen in glowing ‘Living Color.” 


<i 


Color TV is a common-sense investment— 
costs only a few cents a day. It’s sure to be- 
come the standard in home entertainment for 
years to come—yet you can enjoy Color every night 
right now! And you can buy on easy budget terms. 


Make sure the Color TV you buy carries 
this symbol of quality. Because RCA pioneered 
and developed Compatible Color television, RCA 
Victor Big Color TV—like RCA Victor black-and- 
white—is First Choice in TV, 
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THE SOCIETY COLUMN 


by Don Snedeker, E. E. ‘58 


By the time you read this issue of the 
Technograph, engineers in the know 
will have had several occasions to drink 
free coffee and chat with the deans and 
prominent members of the engineering 
faculty. If you haven’t yet, this is defin- 
itely something worthwhile investigat- 
ing. 


The first engineers’ “Coffee Hour’, 
sponsored by the Engineering Council, 
found the Electrical Engineering 
Lounge full of interested engineers. I 
found out later that for some, the initial 
interest was merely in the free coffee; 
however, they tell me this interest soon 
changed as the discussion progressed. 
Some even went so far as to indicate 
they would be back to future meetings 
of the “Coffee Hour” even if free coffee 
weren't served. Free coffee will continue 
to be served, though, says Bill Mavity, 
chairman of the “Coffee Hour’ Com- 
mittee, who was very pleased with the 
first meeting. 


For those readers who did not attend 


the first ‘Coffee Hour’, the topic for 
discussion was Engineering and Psy- 
chology led by Dean Everitt of the 
College of Engineering and Prof. Wil- 
liam Kappauf of the Psych Dept. Sev- 
eral aspects of psychology and its con- 
nection to certain phases of engineering 
were discussed. One example that sticks 
in my mind is that of Hughes Aircraft. 
Hughes at present has a group of engi- 
neers and_ psychologists 
grads) working on cockpit design. They 
realize that there are many psychological 
factors to overcome in most new engi- 
neering advances. 


In any event don’t miss the next 
“Coffee Hour’ because they will prob- 
ably be discussing something you won't 
want to miss. If there is something you 
think should be considered for discus- 
sion, call Bill Mavity and let him know 
about it. 


Engineering Council’s last meeting 
before Christmas came up with an inter- 


esting idea. Mort Miller from Pi Tau 


(mostly UI. 


Sigma, Mechanical Engineering honor- 
ary, introduced a means of unifying sen- 
ior spirit and providing some sort of 
tradition among engineering seniors on 
campus. Under his suggestion, all sen- 
iors would wear light colored corduroy 
pants during their entire senior year. 
These pants would be decorated with 
insignas of fraternities, societies, houses, 
pictures, girl friends’ names and the like. 
The purpose of this apparel would be 
to afford easy recognition of seniors and 
a means of focusing attention upon 
them and instilling a type of college 
spirit. The corduroy pants idea has long 
been established at Purdue, with out- 
standing results, says Miller. 


To help implement the idea, about a 


~dozen Pi Tau Sigma members will wear 


their corduroys as an example during 
registration week this February. An- 
other idea he proposed was to have a 
senior day in which all seniors would 
wear the cords. Still another proposal 
which the MEs may adopt will be to 
grow beards until just prior to their 
annual banquet, when the chin decora- 
tions will be shaven off. 


What suggestions do you have for 
helping implement some type of spirit 
among the seniors, or for that matter, 
among the whole College of Engineer- 
ing? 


For a Future in Consulting Engineering .. . 


STANLEY ENGINEERING COMPANY 


@ TRAINING 


Develop under the guidance and direction of capable professional 
engineers while performing a variety of stimulating engineering work. 


@ GROWTH 


Prepare for professional registration and recognition with a company 
which readily acknowledges ability to perform over a wide range of 
engineering assignments. 


@ PROFESSIONAL RESPONSIBILITY 


Take your place as a responsible, professional engineer with a staff 
successfully serving an ever-increasing number of clients on a wide 
range of engineering problems. 


@ OPPORTUNITIES FOR ENGINEERS 


Mechanical 


Electrical Civil 


@ INTERVIEW DATE: February 22, 1957 


STANLEY ENGINEERING COMPANY 


HERSHEY BUILDING — MUSCATINE, l|OWA 


Architectural 
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HONEYWELL MEN ADVANCE RAPIDLY! 

The ability to accept and discharge responsibility, and 
to plan and execute programs mean advancement. Men 
who get things done, get better jobs. 

Such is the case at Honeywell. Ability, drive and the 
spirit of team play—combined with education and ex- 
perience—determine where and how fast you progress. 
And our growth means we are always eager to find men 
with capacity for greater responsibility. 

Who measures this? Your immediate supervisor does. 
He will speed your progress by seeking your ideas and 
opinions, by stimulating your interest and enthusiasm 
and by giving you additional responsibilities as you are 
ready to accept them. 

Then, twice a year he will review your accomplish- 
ments with you and determine your salary increases. 
A program like this is assurance that contributions are 
rewarded by compensation and advancement. 

There are other factors that accelerate advancement. 

Engineers predominate among our vice-presidents, 
divisional executives and departmental managers. So, 
attitudes and opinions of our scientists and engineers 
are understood and supported by management. 

Honeywell is composed of small units working as a 

team. These units multiply opportunities for early 
managerial experience and lay the foundation for more 
important management assignments in future years. 
HONEYWELL OFFERS MANY EXTRA BENEFITS! 
The importance of benefits in career planning cannot 
be underestimated. Honeywell’s program ranks as one 
of the most liberal in industry. There’s free group life 
insurance ... free accident and sickness insurance... 
free hospital insurance. You will find a liberal policy on 
paid vacations and holidays and modern pension and 
retirement program paying lifetime benefits. 
HONEYWELL PLANTS ARE LOCATED 
ALL ACROSS THE COUNTRY AND ABROAD! 
If you have a geographical preference either in the 
U. S. or abroad, consider Honeywell’s many engineer- 
ing and production locations. You'll find challenging 
opportunities for a variety of engineering specialties 
with Honeywell in Beltsville, Md.; Boston; Chicago; 
Denver; Freeport and Warren, Ill.; Independence, 
Iowa; Los Angeles; Minneapolis; Philadelphia; St. 
Petersburg, Florida; Wabash, Ind.; and Toronto, 
Ontario. 

Abroad, Honeywell factories are located in Amiens, 
France; Amsterdam, Netherlands; Frankfurt, Germany; 
Newhouse, Scotland and Tokyo, Japan. 

If you prefer sales and application engineering you'll 
find 127 sales and service offices in principal cities 
across the nation and Canada, and 45 countries abroad. 
HONEYWELL’S MAIN FIELDS AND 
LOCATIONS ARE: 

Heating and Air Conditioning Controls: Engineering 
and manufacturing plants in Minneapolis, Chicago, 
Wabash and Los Angeles. 

Industrial Instruments and Controls: Research, engi- 
neering and manufacturing plants in Philadelphia and 


Beltsville, Md. 
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Aeronautical Controls: Research, engineering and 
manufacturing plants in Minneapolis, St. Petersburg 
and Los Angeles. 
Precision Switches: Engineering and manufacturing in 
Freeport and Warren, Illinois, and Independence, Iowa; 
research facilities in Denver. 
Ordnance and Missiles: Engineering and manufactur- 
ing in Minneapolis, Monrovia, Calif., and Seattle, Wash. 
Servo Components and Controls: Engineering and 
manufacturing plants in Boston. 
Oscillographic and Photographic Equipment: Re- 
search, engineering and manufacturing facilities in 
Denver. 
Transistors: Research, engineering and manufacturing 
plants in Boston. 
Research: In addition to research and engineering 
activities carried on by various divisions, Honeywell 
also maintains a Research Center in the Minneapolis 
suburb of Hopkins. Prime concern of the Center is 
basic projects of interest to the entire organization. 
Whichever Honeywell division or location you 
choose, you'll be assured of special training to help you 
grow in your job. This training includes regular on-the- 
job instruction, formal classes at the company and 
tuition-aid courses at nearby institutions. 


HOW TO LEARN MORE ABOUT HONEYWELL! 


A Honeywell representative can answer your questions 
and give you additional information about opportuni- 
ties at Honeywell. Please consult your college place- 
ment office for the date of his next visit to your campus. 
Meanwhile, you will want to read a booklet titled 
“Your Curve of Opportunity in Automatic Controls.” 
Write H. T. Eckstrom, Personnel Administrator, Dept. 
CM, Minneapolis-Honeywell Regulator Company, 2753 
Fourth Avenue, South, Minneapolis 8, Minnesota. 


TORONTO 


MINNEAPOLIS 


PHILADELPHIA 


FREEPORT, iLL. ¥* 
CHICAGO 


* 
WABASH, IND. 


DENVER ¥ 


ANGELES 


ST. PETERSBURG 


* Indicates location of Engineering-Research facilities 


Sales Offices in 127 Cities in the U.S. and Canada 
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Campus Personalities .. . 


Prof. Nathan M. Newmark 


by Don Snedeker, E. E. ‘58 


This month we visited the new head 
of the Civil Engineering Department, 
Professor Nathan M. Newmark. Prof. 
Newmark has been a member of the 
staff of the University of Illinois Col- 
lege of Engineering since 1930, and he 
assumed his present position in Septem- 


ber, 1956. 


The question we put before Prof. 
Newmark was, “To what extent do 
extra-curricular activities help a young 
engineer when he enters industry?” 
This might be considered an impossible 
question to answer positively one way 
or the other; however, Prof. Newmark 
did offer his thoughts and views on the 
subject which should give the reader 
pause to think about. He feels that any 
activities which tend to develop the per- 
sonality and broaden the outlook of 
the engineer are definitely worthwhile. 


Considering the great demand on the 
labor market for engineers, these activi- 
ties may not play a large part in get- 
ting a job; however, they can play an 
indirect part in advancement. Industry 
examines the individual’s personality 
traits and expressive ability along with 
his increases in working skills. If the 
latter is comparatively equal between 
several individuals, the former might 
easily be the determining factor in who 
receives the promotion. Prof. Newmark 
feels that these extra-curricular activi- 
ties can be a major factor in developing 
this non-academic part of the young en- 
gineer’s education. 


Professor Newmark was born in 
Plainfield, New Jersey, on September 
22, 1910; and, he received his secondary 
education there. Upon graduation from 
high school he entered Rutgers Univer- 
sity where he earned his Bachelor of 
Science in Civil Engineering in 1930. 
Rutgers conferred the honorary degree 
of Doctor of Science on Prof. Newmark 
in 1955. 

He came from Rutgers to the Uni- 
versity of Illinois to work toward his 
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advanced degrees under Prof. Hardy 
Cross and the late Prof. H. M. Wester- 
gaard, two of the most noted authori- 
ties of the time on structural analysis. 
In 1932 he received the Master of Sci- 
ence and in 1934 the Doctor of Philoso- 
phy. His doctorate paper was on arch 
bridges. At present Prof. Newmark is 
a registered Illinois professional and 
structural engineer. 

Since 1934 Prof. Newmark has been 
doing either part-time or full-time re- 
search here at the University. He is 
the author of some 102 papers in the 
fields of structural analysis and design, 
applied mechanics, numerical methods of 
stress analysis, and effects of blast and 
earthquake shocks on structures. He has 
become internationally known for his 
research, and in 1945, he received the 
James R. Cross Medal from _ the 
American Society of Civil Engineers. 
In 1950 the ASCE honored him with 
the Moisseiff Award and he received 
the Wason Medal of the American Con- 
crete Institute. 

Professor Newmark is also Chairman 
of the Digital Computer Laboratory of 
the University Graduate College. It is 
this group that operates the ILLIAC, 
one of the nation’s outstanding elec- 
tronic digital computers. In 1949, he 
succeeded Professor Wilson as head of 
the C. E. Structural Research Lab, a 
position he still retains today. 

During World War II, Prof. New- 
mark was a consultant for the National 
Defense Research Committee and for 
the Office of Field Service of the Office 
of Scientific Research and Develop- 
ment. In this capacity he worked with 
an overseas section on Weapons Effects 
and in 1948 he received the President’s 
Certificate of Merit. From 1945 to 
1949, he was a member of the Scientific 
Advisory Board of the United States 
Air Force. 

Professor Newmark speaks with au- 
thority on the question we put before 
him when we see the great number of 
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professional and_ scientific societies of 
which he is a member. These include: 


American Society of Civil Engineers 
—Chairman, Engineering Mechanics Di- 
vision, 1953; American Society of Me- 
chanical Engineers—Chairman, Applied 
Mechanics Division, 1954; Institute of 
the Aeronautical Sciences; American 
Physical Society; International Associa- 
tion for Bridge and Structural Engi- 
neering; Earthquake Engineering Re- 
search Institute; American Society for 
Engineering Education; Seismological 
Society of America; American Concrete 
Institute; American Concrete Building 
Code Committee since 1936; American 
Railway Engineering Association Com- 
mittee 15 on design of steel structures 
since 1948; Column Research Council ; 
Pressure Vessel Research Committee of 
Welding Research Council; Research 
Council on Riveted and Bolted Struc- 
tural Joints; Reinforced Concrete Re- 
search Council; U. S. National Com- 
mittee on Theoretical and Applied Me- 
chanics since 1953; Phi Beta Kappa, 
Tau Beta Pi, Sigma Xi, Phi Kappa 
Phi, Chi Epsilon, and the Urbana Golf 
and Country Club. 


In recognition of his outstanding con- 
tributions in the field of reinforced con- 
crete research, Prof. Newmark received 
the 1956 Award of the Concrete Rein- 
forcing Steel Institute. 

In parting, Professor Newmark men- 
tioned the great need for a new Civil 
Engineering Building which would in- 
clude complete, modern laboratory facil- 
ities. With a man of Prof. Newmark’s 
drive and caliber at the head of the 
Civil Engineering Department this is 
something that may become a reality to 
C.E.’s of the not-to-distant future! 
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| Plastics in Building 

Plastics are becoming a material of 
| a hundred uses in American building, 
offering new structural forms and the 
likelihood that in the future more and 
more parts of a house may be factory 
assembled. 

An introduction to these materials 
and their many uses and characteristics 
has been prepared for the home builder 
and planner by the Small Homes Coun- 
cil of the University of Illinois in an 
8-page circular just issued. 

It explains the two types of plastics 
—thermoplastics “like butter which can 
be softened and reshaped any number of 
times,’ and thermosetting, “like an 
egg, which once cooked, can never be 
reverted to its fluid state.” 

Characteristics of seven families of 
plastics commonly used for building 
products are described—vinyl, styrene, 
polyethylene acrylic, phenolic, melamine, 
and polyester. Comparative heat re- 
sistant and strength data for them are 
also given. 

Among uses of plastic which the cir- 
cular discusses are light transmitters 
luminous ceilings, skylights, louvers, 
windows, panels for roofs and interior 
and exterior walls; coverings for floors 
walls and counter tops; insulation and 
and vapor barriers; window frames and 
screens; and electrical devices. 

Single copies of “Plastics as Build- 
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ing Materials” are available without 
charge until Jan. 15, 1957, from the 
Small Homes Council, University of 
Illinois, Urbana. After that date they 
will be 10 cents, the same as the coun- 
cil’s 28 other non-technical illustrated 
circulars. The whole series is available 
for $3. Purchasers of the complete set 
receive future issues without further 
charge. 


New Power Plant 


Philip Sporn Plant, in the heart of 
the rapidly-expanding Ohio River Val- 
ley, has been selected as the site for the 
second of two 450,000-kilowatt electric 
power generating units—largest in the 
world. 

The Sporn Plant is on the American 
Gas and Electric Company System at 
Graham Station, W. Va., and at pres- 
ent has a generating capacity of 600,000 
kilowatts. It is jointly owned and oper- 
ated by Appalachian Electric Power 
Co., and Ohio Power Co., AGE oper- 
ating subsidiaries. 

Like its AGE System sister unit, 
which is being built by Indiana & Mich- 
igan Electric Co., on the Wabash River 
in Sullivan County, Ind., the new 
Sporn unit will be 73% larger than any 
power-producing unit operating today. 

In commenting on the selection of the 
Sporn Plant for location of the second 
450,000-kw unit, Philip Sporn, AGE 


president, said, “Our decision was based 
on three important factors: the need 
for still greater generating facilities in 
the dynamic Ohio Valley, the fact that 
the plant is situated near the geographi- 
cal and load centers of the AGE Sys- 
tem, and the plant’s proximity to abun- 
dant, low-cost coal reserves.” 


Sporn went on to describe the revo- 
lutionary new units as “new plateaus 
in power generation technology.” He 
stated that construction would be un- 
dertaken early in 1957 and that com- 
pletion is scheduled for late 1959. Cost 
of the project has been estimated at 
$58,000,000. 

With a capacity equivalent to over 
600,000 horsepower, the unit will be 
theoretically capable of supplying all 
the residential electric requirements of 
a city of 4,000,000. It will utilize close 
to 3,000,000 pounds of steam per hour 
at the above-critical pressure of 3,500 
psi, and it will consume 1,300,000 tons 
of coal yearly. 


At present, Sporn Plant is the largest 
power station on the AGE System and 
the largest in West Virginia. It has 
four identical 150,000-kw units, the 
first of which was placed in operation 
in January 1950 and the last in Febru- 
ary 1952. 

Completion of the new unit will 
raise the plant’s capability to 1,050,000 
kw. At present, only two privately- 
owned power plants in the world have 
capacities in excess of 1,000,000 kw. 
Like the Sporn Plant, they also are lo- 
cated on the Ohio River: the 1,290,000- 
kw Clifty Creek Plant at Madison, 


Ind., and the 1,075,000-kw Kyger 
Creek Plant at Cheshire, Ohio, a few 
miles downstream from the Sporn 
Plant. 


The new Sporn unit and its sister 
unit on the Wabash represent the final 
900,000 kw of new power production 
facilities in the AGE System’s recent- 
ly-announced $700-million, five-year ex- 
pansion program. This expansion, ex- 
tending from 1956 through 1960, will 
include the addition of 2,885,000 kw 
of new capacity and will raise the AGE 
System’s total capacity to almost 7,000,- 
OOO kw by the end of 1960. 

In discussing the efficiency of the two 
new units, Sporn said, “Upon their 
completion, we expect both units to 
shown an improvement of 5% in ther- 
mal efficiency over the world’s best unit 
to date, as well as a 714% improve- 
ment in capital cost per kilowatt of gen- 
erating capacity. The latter will be 
brought about by economies due to 
larger size of unit, higher turbine speed, 
space reduction, elimination of boiler 
house, and many other factors. While 
these units will be capable of produc- 
ing twice as much electric power as the 
largest-sized unit now under construc- 
tion on the AGE System—225,000 kw 
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—the space they require is only approxi- 
mately one-third larger.” 

According to Sporn, these new and 
much larger units evolved as a result of 
AGE’s design and construction experi- 
ence with the world’s first super-critical 
pressure unit, now nearing completion at 
Ohio Power’s Philo (Ohio) Plant. The 
developmental Philo 6 unit will operate 
at 4,500 p.s.i. and 1,150° F. tempera- 
ture These have been reduced to a more 
commercially acceptable basis, however, 
on the Sporn unit, which will have a 
steam pressure of 3,500 p.s.i., well above 
the critical level of 3,206 p.s.i., and a 
steam temperature of 1,050° F. 

General Electric Co. will build the 
turbine-generator for both 450,000-kw 
units, which will be cross-compound in 
design. Babcock & Wilcox Co. will 
build each unit’s 23-story boiler, which 
will be of outdoor design and will ex- 
haust to a stack with a height of more 


than 500 feet. 


First Space Lab 


The United States’ first space travel 
simulation laboratory, capable of ap- 
proximating pressures that would be en- 
countered several hundred miles above 
the earth, is being built by Litton In- 
dustries, Beverly Hills, Calif., under 
Air Force sponsorship, reports Aviation 
W eek, McGraw-Hill publication. Meas- 
uring roughly 15 feet in diameter, the 
chamber makes it possible for human 
operators to perform tasks that might be 
required during space travel. 


Transistors in TV 


The use of transistors in some vital 
circuits in television receivers is now 
practical, George Schiess, electronics 
engineer of Sylvania Electric Products 
Inc. 

Referring specifically to small-screen 
portable TV set, Schiess said that tran- 
sistors are especially adaptable to this 
type of receiver because of their small 
size and their high efficiency, which 
would permit economical operation from 
a battery or other power supply. 

Results of experimental work done at 
Sylvania’s Electronics Division labora- 
tory at Woburn, Mass., indicate that 
transistorized vertical deflection systems 
for picture tubes are practical and com- 
parable to tube circuits in performance 
and circuitry, Schiess said. 

The deflection system in a television 
receiver is vital in guiding the electron 
beam which produces the picture on the 
screen. 

Transistorization was seen as practi- 
cal now for two other important tele- 
vision receiver circuits. One is the audio 
circuit, an integral part of a set’s sound 
system. The other is the synchronization 
circuit, which synchronizes the receiver 
with the TV broadcasting  station’s 
transmitter. 
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Whales To Get “Shots in the Arm” 


The modern harpoon gun, science’s 
contribution to the hardy sea trade of 
whaling, now serves a new function: 
It acts as a syringe to inject antibiotics 
into whales, reports Chemical Week, 
McGraw-Hill publication. Norwegian 
whaling companies have worked out the 
technique, which is used primarily to re- 
duce losses of killed whales due to spoil- 
age rather than cure ills of the giant 
mammals. 


Engineers Sitting Pretty 


Young engineers today live better, 
make more money, and can find the 


work of their choosing in comparison 


with the way their 1936 engineering 
brethren started out. Engineers in the 
class of 36 of Manhattan College, New 
York, went to work, if they could find 
jobs, at $1300 to $1500 per year. Engi- 
neering News-Record, McGraw-Hill 


publication, reports that Manhattan’s 
engineering graduates of last June 
found, without much difficulty, jobs 


with annual starting salaries of $4500 


to $5700. 


Pan-Am Highway Gets New Link 


A new steel bridge at Quevedo in the 
mountainous interior of Ecuador has 
been hailed as an important extension 
that will carry the Pan-American High- 
way to the country’s Pacific port cities 
of Manta and Guayaquil. Engineering 
News-Record, McGraw-Hill _ publica- 
tion, reports that the bridge eliminated 
a ferry system that could be used only 
during high water. Vehicles had to ford 
the stream during low water. 


Efficient Turbines 
The four Westinghouse 217,260-kw 


turbine generators operating at the Ohio 
Valley Electric Corporation's Kyger 
Creek station at Cheshire, Ohio — the 
station reported by the Federal Power 
Commission to be the most efficient in 
the nation for 1955 with a heat rate of 
9110 Btu’s per kwhr — are designed 
for steam conditions of 2,000 psi, 1050 
F initial, and 1050 reheat temperature. 

“When such steam pressure and tem- 
peratures are used,” said W. C. Row- 
land, Vice President, Westinghouse 
Steam Division, Philadelphia, Pa., 
“there is a significant reduction in fuel 
consumption. This reduction was great 
enough at Kyger Creek that more elec- 
tricity was generated from each pound 
of coal burned than by any other power 
plant in any previous year. 

“The significance of this saving can 
best be illustrated by an assumption,” 
Rowland continued. “Had all power 
plants in the nation been as efficient as 
the Kyger Creek plant, one ton of coal 
for each five consumed could have been 
saved, 


A MINIATURE LIGHT-SENSITIVE 
photocell that can sense accurately 
both direction and intensity of light 
source is shown here with its 
developer, Dr. J. T. Wallmaker. 


“Such continual improvement in pow- 
er plant efficiency is largely attributable 
to technological advances,” stated Row- 
land. Continuing, he said, ‘And these, 
coupled with improved operating proce- 
dures, have made it possible for electric 
utilities to generate twice the amount of 
power each succeeding decade of the 
century at no increase in cost per unit 
to the user.”’ 


Each of the four Westinghouse tur- 
bine-generators installed at Kyger Creek 
station is a high-pressure, cross-com- 
pound, hydrogen-cooled, reheat unit. 
The high-pressure turbine element con- 
sists of a high-pressure and intermediate 
elements connected in tandem that 
drive a 130,000-kilowatt, 3600-rpm, 85 
percent power factor hydrogen-cooled 
generator. The low-pressure turbine ele- 
ment is of the double flow type and 
drives a 87,260-kilowatt, 1800-rpm, 85 
percent power factor, hydrogen-cooled 
generator. 

The turbines are designed for normal 
steam inlet conditions of 2,000 pounds 
per square inch gauge, 1050 degrees F 
total initial temperature, 1050 degrees 
F total reheat temperature, and an abso- 
lute exhaust pressure of 1.5 inches of 
mercury and use a seven stage regenera- 
tive feed-water heating system. 

The high-pressure turbine is a com- 
bination impulse and reaction type and 
expands the steam to the reheat point of 
about 500 psi. From the reheater, the 
steam returns to the intermediate-pres- 
sure turbine at 1050 F and is expanded 
to about 80 psi through additional im- 
pulse and reaction stages. 

The 1800-rpm low-pressure turbine is 
a straight reaction double-flow unit. 
Steam enters at the center of the blade 
path and flows toward an exhaust open- 
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ing at each end, then downward into 
the condenser. To reduce leaving losses, 
40-inch long exhaust-end blades were 
used that provide an exhaust annulus of 
205.9 square feet in each of the two 
ends. 

“The exhaust-flow area of a condens- 
ing turbine is a measure of its economic 
kilowatt rating,” Rowland pointed out. 
Continuing, he said, “The economic kil- 
-owatt rating can be raised by using 
higher steam pressures and temperatures 
and by increased extraction for feed- 
water heating all of which reduce the 
exhaust steam flow. Hence engineers are 
continually striving to build turbines for 

more advanced steam conditions and to 
develope longer exhaust and blades that 
provide greater exhaust annulus. Both 
are being explored in a continuing pro- 
gram of research and_ development. 
What the future holds is uncertain. But 
of this we can be sure: efficiency im- 
provements will be made and as a result 
the heat rate of stations will inch lower 
and lower.” 


Smallest Underwater TV Camera 


Great Britain has developed a hand- 
held underwater TV camera which it 
claims is the world’s smallest and cheap- 
est, according to Engineering News- 
Record. All a diver has to do is aim the 
camera, which is buoyant in water. 
Spherical in shape and fitted with two 
handles, it can be operated in depths up 
to 250 feet. Focusing and other camera 
adjustments are made from a control 
position in a boat on the water. 


Job Fun 


A study of the forces and factors 
that contribute to people’s well-being 
is being undertaken at Kansas Power 
& Light Co., reports Electrical W orld. 
A research team from the Menninger 
Foundation, psychiatric treatment cen- 
ter, is seeking to develop methods for 
obtaining some kind of composite view 
of the human relations in an entire 
business organization. 


Reactor “Shell” Stresses 


Scientists at the Westinghouse Re- 
search Laboratories have found a way 
to see and study the complicated stresses 
existing deep inside the solid steel pres- 
sure vessel of a power-producing nuclear 
reactor. 

The technique uses a model made of 
special plastic to make visible the stresses 
in the full-scale pressure vessel—a large, 
complex steel structure which houses the 
core of the reactor and the inferno of its 
nuclear “‘fire.”’ 

Use of the technique, will help speed 
pressure vessel design and “insure that 
this vital structure can easily withstand 
any design pressures it may be called 
upon to contain.” 
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Announcement of the new technique 
was made by Dr. Clarence Zener, acting 
director of Westinghouse research, who 
said that the pressure vessels now being 
studied are those for power reactors of 
the “pressurized water” type. In a re- 
actor of this type water is pumped 
through the pressure vessel, where it 
acts as moderator for the uranium fis- 
sion process and also removes the vast 
quantities of heat the process releases. 


To make this water hot enough to 
produce the superheated steam required 
by a ship engine or an electric power 
station, it must be kept in a sealed sys- 
tem under pressures as high as 200 psi. 
Being part ot the sealed system, the pres- 
sure vessel must withstand these pres- 
sures. However, it is a large, complex 
structure and the walls of the vessel 
and its head are pierced with many 
holes for control rods, water pipes, and 
the like. With such complications, it is 
extremely difficult to calculate all the 
various stresses which the high-pressure 
water creates in the walls and head of 
the vessel. 


Now, for the first time, Dr. Zener 
said, we have a technique for making 
these stresses visible. This greatly sim- 
plifies their analysis, and makes the de- 
sign of the pressure vessel for maximum 
strength much easier. 

Dr. Zener said the new method of 
examining the shell of a nuclear reactor 
uses a laboratory procedure called photo- 
elastic stress analysis. 

An exact model of the structure to be 
studied is constructed from a photoelas- 
tic resin, or plastic. Such resins have the 


ability to show visibly the twisting, 
bending, or other stresses they undergo 
when various forces are applied to them. 
When examined under polarized light, 
the stresses show up as patterns of col- 
ored light. 

The plastic pressure vessel model is 
about two feet high, a foot and one half 
in diameter, and about 100 pounds in 
weight. After the model is cast, it is 
machined to exact shape. Air is then 
pumped into the model until it is under 
a pressure ot about four pounds per 
square inch—a pressure large enough to 
produce in the model the exact stress 
patterns existing in the actual pressure 
vessel under its working pressure of 
about one ton per square inch. 

The model is then cured by heating, 
which ‘‘freezes’” the stress patterns 
permanently into the walls of the model. 
Samples are then cut from the model 
and examined under polarized light. 
The “frozen’’ stresses can then be stud- 
ied rapidly and with great precision. 

This is the first time that photoelastic 
stress analysis has been applied on the 
scale required for study of a reactor 
pressure vessel. It is possible only be- 
cause of the recent discovery of a new 
improved photoelastic resin. Compared 
to previous materials, this new resin is 
three times more “‘sensitive’ in forming 
the desired stress patterns. 

The new resin also makes it possible 
to prepare much larger models than be- 
fore. A structure as complicated as a 
pressure vessel can be duplicated for 
photoelastic analysis only by taking full 
advantage of this increase in model size. 


NEW LOOK AT ‘SHELL’ of nuclear reactor. These patterns of light show 
stresses inside shell of a power producing nuclear reactor. 
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CAREERS WITH BECHTEL 


Kar Bauscu, Chief Electrical Engineer, 
Power Division of the Bechtel Corporation. 


ELECTRICAL ENGINEERING 


One of a series of interviews in which 


Bechtel Corporation executives discuss 


career opportunities for college men. 


QUESTION: Mr. Bausch, in con- 
sidering a position with Bechtel, or 
any other firm, isn’t it true that what 
most college men want to know first 
of all is “What will I be doing?” 


Bauscu: That’s true, and it isn’t an 
easy question to answer. So much de- 
pends on individual preferences and 
abilities and the way a man develops. 
On joining us, he would be asked if 
he’d like to work on the drafting 
board doing layout work. As an 
alternate, he might prefer a starting 
assignment involving helping out on 
calculations, requisitioning materials, 
writing specifications, etc. 


QUESTION: In other words you try to 
give the new man some freedom of 
choice? 


Bauscu: As far as possible. We 
know that the beginning period is a 
difficult one. It takes some time for 
him to get his feet on the ground and 
we try to “expose” him to many dif- 
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ferent activities. In that way he gets 
needed experience and familiarity 
that help him decide the work for 
which he feels best qualified. It also 
gives us the opportunity to evaluate 
his potential. 


QUESTION: Assuming a man shows 
the necessary ability and begins to 
produce, how does he branch out? 


BaAuscH: Generally, in either of two 
ways. He may work on the electrical 
portion of power plants, designing 
circuits, control and relaying systems, 
unit protection, etc. The other way is 
on the physical layout of power plants 
—that is, location of equipment, con- 
duit and raceway systems, etc. In 
either case he would be put in charge 
of one section of the project. 


QUESTION: And his next advance 
would be...? 


BAUSCH: Assuming he progresses 
satisfactorily, he would ultimately 


move into a lead job as a group 
supervisor in charge of the design of 
the electrical system of the complete 
plant. 


QUESTION: Could you give an 
estimate of the time involved in the 
various steps? 


BAuscu: That’s impossible. We have 
no hard and fast schedule. In general, 


‘> we have found that it takes a man 


about a year to get his feet on the 
ground and become a real producer. 
From that point on, it’s up to him. 


QUESTION: In other words, he can 
advance in keeping with his indivi- 
dual ability? 


BauscH: That’s right. Of course, 
there are many other factors in- 
volved, including the vitally impor- 
tant one of the great advancements 
being made in every phase of the 
electrical industry. These create new 
jobs and new types of jobs involving 
new skills. And for every opportunity 
existing today, it is safe to predict 
there will be at least two tomorrow. 


Bechtel Corporation (and its Bechtel 
foreign subsidiaries) designs, engineers 
and constructs petroleum refineries, 
petrochemical and chemical plants; 
thermal, hydro and nuclear electric 
generating plants; pipelines for oil and 
natural gas transmission. Its large and 
diversified engineering organization 
offers opportunities for careers in many 
branches and specialties of engineering 
—Mechanical...Electrical...Structural 
..-Chemical... Hydraulic. 


Write for new brochures showing the 
wide variety of projects Bechtel builds 
throughout the world. 


Address: John F. O’Connell, 
Vice President, Industrial Relations 


220 Bush Street, San Francisco 4, Calif. 
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BRAINTEASERS 


edited by Don Georgi, E.E. ‘59 


1. Worried about their disputations 
and oppressed by the summer heat, three 
Greek philoscphers lay down to take 
a little nap under a tree at the Acad- 
emy. As they slept, a practical joker 
smeared their faces with black paint. 
Presently they all woke up at once and 
began to laugh at each other. Sudden- 
ly, one of them stopped laughing, for 
he realized that his own face was paint- 
ed. What was his reasoning? 


ie 3 


2. From cur Northern brothers comes 
word of one Shane Earlwetter, who was 
given the task, by one of his teachers, of 
designing two containers for a gift to 
the University of Outward Slavovia. 
These containers were to be made to 
the Slavovian scale of measurement in 
which one dufi equals one pulp (linear). 
One container was to be called a quid- 
dal and the other a dalquid. Now here 
are the specifications; a quiddal is just 
one dufi deep; a dalquid is just one 
pulp deep; the top of a quiddal is one 
square plup; the top of a dalquid is 
one square dufii; no matter how you 
stand one of them in the corner of a 
rectangular room, if any two sides are 
pushed flat against adjacent walls a 
third side lies flat upon the floor. 


Shane’s problem was to find which 
would hold more, if both were filled 
with blumph, and how many more times 
it would hold. Trustworthy Earlwetter 
came up with this easy enough, (can 
you?) but he was stumped for a long 
time because he couldn’t find a 16 let- 
ter word which describes the shape of 
each of them. What is the word ? 


* % 


3. Restore the missing digits in the 
multiplication problem below: 


4x6 


x4x 


xx2 
xx04 


XXXX 
145,692 
aK * *K. 


4, A man has a restaurant that will 
seat 100 people. He is going to charge 
five cents for each woman seated, three 
cents for each man seated, and one cent 
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for every ten children seated. He wants 
to fill the place, and take in exactly 
01.00. How many men, women, and 
children will he seat? 


ae a co 


5. There is a train crew consisting of 
3 men, an engineer, a fireman, and 
a brakeman. Their names in alphabeti- 
cal order are: Jones, Robinson, and 
Smith. 

On the same train there are 3 pas- 
sengers. Their names in alphabetical 
order are Mr. Jones, Mrs. Robinson, 
and Mr. Smith. 

The following facts are known: 

Mr. Robinson lives in Detroit. 

The brakeman lives half way between 
Chicago and Detroit. 

Mr. Jones earns exactly $10,000 a 
year. 

Smith once beat the fireman at bil- 
liards. 

The brakeman’s next door neighbor, 
one of the 3 passengers mentioned, earns 
exactly 3 times as much as the brake- 
man. 

The passenger living in Chicago has 
the same last name as the brakeman. 

Who is the engineer? 


DECEMBER BRAINTEASER 
ANSWERS 


1. Go to the top of the building; drop 
the photoelectrometer from there, and 
measure the time it takes to fall to the 
ground with the timer. You now have 
enough information to calculate the dis- 
tance it fall (height of the building) in 
the formula for a freely falling body in 
the earth’s gravitation field. 


a * % 


If n is the number of cigarettes which 
the Chesterfield man now has, then 
2Y%4n-+ 2Y% is the number he original- 
ly had. A check on the possible values 
of n shows that there must originally 
have been either 15 or 20 chesterfields. 
If there were 20 Chesterfields, then 
n =7 and 13 Chesterfields are smoked. 
This is impossible since the man who 
smokes Luckies smokes 2 more, doesn’t 
smoke his total supply, and can not have 
more than 15. Therefore, there are 15 
Chesterfields. Ten Chesterfields are 
smoked. This means that there must be 
more than 12 Luckies. The only pos- 
sible number is 20. 

Reilly must have either 6 or 8 cig- 


arettes, since he must smoke half of 
them and more than half of the 20 are 
smoked. Five Kools (the only tipped 
cigarette in the group) are smoked. 
Therefore Reilly must smoke 4 of the 
8 cigarettes he started with. Turner 
starts with 6 Kools. 

Brown has 3 cigarettes due to the 
limited number of aces in the deck. The 
man who has 20 Luckies is not Perkins 
and therefore must be Jones. Perkins 
will have 15 Chesterfields. Brown does 
not smoke Camels (from statement 8) 
and therefore must smoke Old Golds. 
Reilly smokes Camels. 


Name Number Brand 
Brown 3 Old Golds 
Perkins il Chesterfields 
Turner 6 Kools 
Jones 20 Luckies 
Reilly 8 Camels 

3. 48 Steps. 

4. The smallest number of plates 


which must be kept in stock is 86; if an 
inverted 6 can be used for a 9, 81 are 
needed. 


5. Tire problem: 

By alternating one tire every 3,000 
miles the trip will require nine tires, all 
of which will have their full life used 
up. 

6. The first wife’s only remaining son 
became heir since counting started from 
him when reversed. The first wife’s 
sons were in positions 3, 7, 8, 9, 10, 11, 
toe Oe ee 2 O manaaany 
other one. 


su se sue 
mo %K rid 


7. Let m equal mug’s capacity; t equal 
time. Then the rates of flow from each 
keg are m/2, m/3, m/4, and 2m respec- 
tively. The total plus m/4 plus 2m 
equals 37m/12. Then 37mt/12 equals 
0. 


8. Before leaving my house, I started 
the clock, without bothering to set it, 
and I noted the exact moment A of my 
departure according to its reading. At 
my friend’s house I noted the exact 
times, # and &, of my arrival and de- 
parture by his clock. On returning I 
noted the time B of my arrival accord- 
ing to my clock. The length of my ab- 
sence was B-A. Of that time &-h min- 
utes were spent with my friend, so that 
the time spent in traveling, ¢, in each di- 
rection, was 2¢ + (BA) —(A-h.) Thus 
the correct time when I got home was 


k+ ft. 
9, 196 Minutes. 
Die Seyre 


LOS? 
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The jet speedway, that outer envel 


miles above the earth, could 


for America's most modern aircraft. 
exhilarating engineering environme 


UNLIMITED OPPORTUNITIES 
__ exist for engineers in the fields of design, test, 
liaison, development, vibration, analysis, with 
Hamilton Standard. It’s a GREAT place to work. — 
Write to Ted C. Fisher, Administrative Engineer. 


HAMILTON STANDARD 
Air Conditioning Unit 


100M BRAD 
WINDSOR LO 
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Convair R3Y-1 and R3Y-2 


Convair XFY-1 


Convair YC-131C 


They’re ALL 
ALLISON-POWERED 


And, Allison Engineering will 


continue to play a leading role in 


McDonald F3H-2N 


future development of greater 


AIRCRAFT POWER 


Martin XP6M 


Allison Turbo-Liner 


ALLISON ENGINES have accumulated an impressive 
record of flight time in many different types of turbo- 
jet and turbo-prop aircraft. Included in the wide 
variety of aircraft are single and multi-engine planes 
—both land based and water based—as well as ex- 


pendable missiles. 


Topay, with this valuable accumulation of engi- 
neering experience—coupled with our vastly expanded 
engineering research and development facilities—we 
look to the future. And, what a future it promises 


to be in this era of supersonic speeds... nuclear 


OUR ENGINEERS 
WORK HERE 


This is our Administration 
Building, the hub of the new 
Allison Engineering Research 
and Development Center in 
Indianapolis. 
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Douglas RB-66 & B-66 


Lockheed T2V-1 


energy application, and—well, the sky is the limit. 


Opportunities at Allison are equally unlimited for 
engineering graduates, ambitious young men who 
recognize the advantages of being identified with an 
established leader in the design, development and 
production of high performance aircraft engines. 

oy heaga)-e 
Write for information about your future career at 
Allison: Personnel Dept., College Relations, Allison 
Division, General Motors Corporation, Indianapolis 
6, Indiana. 
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TECHNOCLIPS 


One of the interesting things in the production of a 
magazine is making deadlines and then trying to meet them. 
This magazine, which is published in early January, actually 
was started during the first week of November. At that 
time, a staff meeting was held, assignments were given out 
and everybody went to work. Up until Christmas vacation, 
it seemed touch and go however, with the fear of not having 
enough copy, or enough time to turn it in. 

For our lead story on the Dresden Power Plant of 
Commonwealth Edison Co. we are indebted to the bird-dog- 
ging of Frank Hunyady, who in his original assignment was 
to compare this nuclear project with a conventional power 
plant being erected near Terre Haute, Ind. Material on the 
Terre Haute plant never came through and Frank was thus 
obliged to dig even harder for his Dresden Plant story. 

By an interesting coincidence we have another article on 
nuclear power, this one from a senior seminar. It developed 
by accident, when a photographer from the I]lini Publishing 
Co., publishers of Technograph, asked Editor Harry Hirsch 
if he wanted an article on nuclear power plants complete 
with diagrams. Not one to let such an opportunity go by, 
Harry leaped to this. Technograph is always open for articles 
from non-staff members, especially from seminar courses. 
Unfortunately, we had to turn one down this month, since 
it almost duplicated an article in December’s issue on the 
IGY Space Satellite. However, this month’s pair of articles 
on nuclear power plants serve to supplement rather than 
repeat each other. We think so anyhow. 

Our second of a series on Color TV sets by Phil Hicks 
is a labor of love, Phil having spent untold hours construct- 
ing his own set. Results aren’t complete yet, but he gets a 
pinkish glow on his screen. He’s still tinkering. 

Another labor of love was the article on Jawn Henry 
the experimental, steam turbine electric locomotive, and the 
atomic locomotive by Harry Hirsch. Harry has been an avid 
railroad fan for years and leaped for the opportunity to take 
this story. Electrical engineers and railfans can look forward 
to another railroad article soon, when we describe the GE 
Rectifer Electric locomotives built for the Virginian 
Railroad. 

Don Snedeker, our Society Column writer and also auth- 
or of our staff biographies, has had a rough time lately. Late 


FRANK HUNYADY 


HARRY HIRSCH PHIL HICKS 


in November we received news that Prof. John Bardeen of 
the Electrical Engineering Dept. was to share the Nobel 
Physics prize. 

Don went out immediately to get him, but Prof. Bardeen 
was busy making plans for his trip to Sweden to receive the 
award, then he left for Sweden and at this date we still 
haven’t heard from him. However, we hope to run Prof. 
Bardeen’s biography in next month’s issue. 

Don has also been busy on the Society Column run, col- 
lecting material from the Engineering societies and trying to 
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cover the coffee hours also. We must admit, however, that 
he got some help this month from Carole Kavannagh and 
Harry Hirsch. 

Brainteaser compiler and Business Manager Don Georgi, 
left a stack of clippings behind him when he finished this 
month’s mind mesmerizers. We hope our new policy of de- 
laying the answer for a month doesn’t seriously bother any- 
body. We feel it’s a little more sporting that way. 


DON SNEDEKER DON GEORGI 


DOTTY HICKS 


And last but not least is our ofice manager Dotty Hazel, 
who with assistant Carole Kavannagh does a bang-up job of 
keeping track of us and who also writes a good story on the 
side. Dotty wrote the biography of Steinmetz which appeared 
in our last issue. 


THE ENGINEER’S SONG 
An engineer once loved a maid with pure dynamic passion 
His modus operandi was of scientific fashion. 
Oh! Hyperbolic tangent to cyclic polar phase 
He was an Engineer. 
Glory, Glory Hallelujah 
Glory, Glory Hallelujah 
Glory, Glory Hallelujah 
He was an Engineer. 
Her eyes were copper sulfat blue, her lips were strontium 
flame, 
She boasted analytic curves that Einstein couldn’t name, 
The sine waves of her lovely hair were symphonies afloat, 
It’s undulation simply struck his fundamental note. 
Our hero feared their contact was set to make or break 
And so he screwed his courage up and thus to her he 
spake. 
“Oh maiden fair with golden hair come give me but one kiss 
React forever thus with me in oscillating bliss. 
Oh damsel rare if you but care for me as I for you, 
We'll solve the problems of our love and keep it 
moral too. 
Oh watt a maid, come be my bride, illuminate my days, 
We'll synchronize our voltages and fluctuate in phase. 
We'll build a modernistic ohm beside the sounding sea, 
And raise a tribe of engineers with vim and entrophy. 
We'll dyne upon the best of food, the kind that’s strictly 
stable. 
And soft boiled ergs we'll often eat from a logarithmic 
table. 
The modest maid remained unswayed, by all this talk 
fantastic, 
In fact her quips from luscious lips were cold and 
autographic. 
“Your pretty pleas are packed with power, but leave me 
undelighted.” 
And so my human dynamo, you’re running self excited.” 
The follow up to this story was his quick response to err, 
Marriage became too steady a state to match his transient 


flare. 

So boys be warned by this sad yarn, with moral that runs 
deep, 

Don’t plan to build a power house when local power is 
cheap. 
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